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Symposium on 'Anesthesia 


FACTORS INFLUENCING TR13NDS IN ANESTHESIA 

Joiix S. Lundy, i\LH.,.R. .Cn>ni.KS Adams, and 
ITiomas II. SULDON, j\I.D., Rochester, ]\[inn. 

(From Ihc SCetion on Anesthesiology, Mayo Clinic) 

iy/[ANY factors have influoDccd the use of ap:cnls and methods in the pro- 
4 ’ duction of anesthesia for surgical, okstotric, and dental patients. Ohvi- 
ously, one of tlie most important was the discoveiy of an agent or method. 
The work of IMorton and Long gave ether anesthesia its start and the work 
of Horace Wells gave nitrons oxide its start. Other agents have been intro- 
duced in this first century of anesthesia and liavc influenced the trend in 
anesthesia practice, sometimes onlj’’ briefly but sometimes very markedly. For 
example, Gwathmey’s contribution of mixing oil and ether and later the intro- 
duction of tril)romethanol in amylene hydrate (avertin) advanced the use of 
the rectal method very definitely. Several pioneers advanced the cause of 
local, regional, and spinal anesthesia. The contribution of the hollow hypo- 
dermic needle helped to make intravenous anesthesia possible. The vast amount 
of research on the various barbiturates resulted in the production of pentotlial 
sodium, an agent that is extenskely used today. The development of gas 
machines had a marked influence on the use of anesthetics, particularly the 
addition of the soda lime absorber for removal of carbon dioxide. Magill’s 
contribution of his intratracheal tube was a landmark in the improvement of 
inhalation anesthesia. There are many other influencing factors that are per- 
haps less obvious, such as societies composed of those interested in the admin- 
istration of anesthetics, periodicals and textbooks on the subject, and the 
organized teaching centers for clinical teaching and research. 

The special circumstances and environment which characterize the various 
medical schools and hospitals throughout the country are very important fac- 
tors with respect to anesthesia. The policy of the superintendent of a hospital 
may be reflected in the methods of anesthesia that are made available to the 
staff. For example, if the anesthetist can administer only inhalation anes- 
thetics, then the surgeon must himself provide any other type of anesthesia 
that he would like to use. If the surgeon is only an occasional user of a method 
le may give it-up as being unsatisfactory if he cannot carry it out Avell. Quite 
often the patient has a preference for a certain agent or may be antagonistic 
to a m ethod. For example, many patients do not want to submit to ether 
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anesthesia and others refuse 1o siihniit 1o spinal anesthesia. Some patients are 
so excited that heavy doses of preliminary medication may be resorted to. 
Tliis also influences one’s choice of a'ncsthctie and tends to mahe tlie use of 
ether by inhalation, for example, nnsati.sfactory. 

The surfieon lias, as a rule, a very definite opinion about the anesthetic 
of choice. Unle.ss he reposes enoufrh confidence and re.sponsihilify in the anes- 
thetist so that the anestheti.st may choose and use a certain anesflietic, the 
choice will he dictated by the surfreon. In time this factoi- will decrease' 
the anesthetist’s enthusia.sm for maintainin'! his skill with a variety of agents 
and methods. 

Ane.sthesia at the IMayo Clinic in the last fifty years has been influenced 
by a variety of circumstances that have been described elsewliere.^ Ether and 
chloroform were flr.st used. Nitrous oxide was used in 1900 hut because of 
the fact that a heavy preliminary medication of scopolamine was used the 
color of the patient was unsatisfactory and the agent was not used again until 
1918. At tliis time it was used for dental surgeiy and it has been used ever 
since for all types of operations. 

When ethylene was introduced in 1923 it Avas used extensively at the 
clinic. Eectal anesthesia Avas g’iven a trial in the early twenties, klagill’s 
method of intratracheal anesthesia using the large bore, soft rubber tube Avas 
adopted in 1930. Cyclopropane Avas used in 1933. In 1929 the intravenous 
method of using sodium amytal Avas reported on and it Avas tried here in 1930. 
In 1931 one of us (J. S. L.) reported on the intravenous use of pentobarbital 
sodium (sodium nembutal). In 1933 eA’ipal Avas used and in 1934 pcntothal 
sodmm Avas introduced here. Other agents that Averc not anesthetics, such as 
carbon dioxide, Avere em]floyed from the beginning of 1924. Intocostrin for 
the production of relaxation, partieulai'ly for abdominal operations, Avas first 
used here in 1943. 

Of the local anesthetics, procaine hydrochloride has remained the favorite, 
AAuth metycaine hydrochloride a elo.se second. Pontocaine hydrochloride and 
nupereaine hydrochloride have been tried and discarded. The introduction of 
Lemmon’s method of continuous .spinal anesthesia and Hingson’s method of 
continuous caudal anesthesia has made it possible to obtain long-lasting anes- 
thesia by repeated injections of procaine so that long-lasting anesthetics were 
not essential.^ 

As each agent and method has been introduced and tried, certain benefits 
Avere realized and certain unexpected and sometimes untOAvard results have 
been expeiaenced. In consequence, there has been less tendency to advocate 
the use of any certain anesthetic agent or method and there has been a tend- 
ency to avoid strongly the use of certain drugs. For the most part, if a local 
anesthetic is used and is unsatisfactory it is then supplemented Avith gas anes- 
thesia Avith or Avithout intravenous anesthesia. If gas anesthesia is unsatis- 
factory, then usually one resorts to diethylether. In most cases the use of 
ether by the semi-open-drop method produces good results, especially if Magill ’s 
intratracheal tube can also be used. 

The question is often asked of us: “Why do you use a certain agent or 
method so much or so little?” The simplest Avay to indicate the proper ansAver 
to such a question is to present the statistics that are available for. the last tAventy 
years concerning anesthetic agents and methods in our hands. 

In Table I both the actual figures and the percentages are shoAAm. The 
use of ordinary methods refers to ether^y the somi-open-drop method ; nitrous 
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Table I. CoMi’AmsoN of Use of Sfecial ani> of Oedinauv Agents and Atr.TiioDs 


YEAK ■ 


CASES 


1 pF.a cf.nt 

1 SI’j;ClATj 

1 OliBINAUA' ) 

TOTAI, 

1 SFECIAL 

j onwiNAiiA' 

192-1 

1,169 

10,370 

17,539 

0.7 

93.3 

1925 

3,302 

17,453 

20,755 

15.9 

84.1 

1926 

3,178 

17,782 

21,200 

10.4 

83.0 

1927 

2,825 

18,918 

21,773 

13.0 

87.0 

1928 

3,103 

18,412 

' 21,575 

14.7 

85.3 

1929 

4,002 

10,848 

20,850 

19.2 

80.8 

1930 

5,602 

13,930 

19.592 

28.9 

71.1 

1931 

0,528 

11,902 

17,490 

31.0 

08.4 

1932 

1,218 

9,085 

13,903 

30.3 

09.7 

1933 

1,318 

9,072 

14,020 

31.0 

09.0 

1931 

5,779 

10,039 

10,418 

35.2 

04.8 

1935 

9,050 

8,270 

17,320 

52.3 

47,7 

1936 

13,397 

5,503 

18,900 

70.9 

29.1 

1937 

12,222 

7,949 

20,171 

00,0 

39.4 

1938 

13,411 

7,843 

21,254 

63.1 

30.9 

1939 

14,918 

0,828 

21,740 

08.0 

31.4 

1910 

15,128 

0,739 

22,107 

09.0 

30.4 

1911 

15,140 

8,757 

23,903 

03,4 

30.0 

1942 

17,997 

0,551 

24,548, 

73.3 

26.7 

1943 

18,143 

9,749 

28,192 

05.4 

34.0 


oxide Avitli or without ether; nitrous oxide, oxygen, and etlier; etiiylene and 
oxygen Avith or without ether, and the use of procaine by infiltration or use 
of topical anesthetics by the surgeon or his assistant. Under the title of 
‘special methods” are those in the application of which special personnel is 
emploj'ed: for example, spinal and regional anesthesia that is administered 
by the professional anesthetist, as Avell as intravenous anesthesia, inti’atracheal 
anesthesia, cyclopropane, curare, and so forth. In 1924 special measures were 
employed in less than 7 per cent of the administrations. In Table 11 it .rvill 
be noted that in 1924 whatever special methods Avere used Avere those in Avliich 
legional anesthesia Avas employed. In Table III it may be seen in the oA’^er-all 
survey of the use of the various agents in 1924 that they fall primarily into 
three groups: (1) local anesthesia, (2) ether by the open-drop method, and 
(3) gases Avith or Avithout ether. This limitation in choice of anesthesia Avas 
one of the reasons for institution in that year of a change of plan on the part 
of the managemeiAt of the hlayo Clinic looking forAvard to the time Avhen there 
Avould be a large choice of anesthetics and adequate personnel for their 
administration.^ 

One of us (J. S. L.) undertook to start this program on March 27, 1924, 
and since that time several associates, assistants, and students have collabo- 
ra e in the effort up to the present time. The surgical staff has been a major 
m uence in this program and, as that staff has changed, certain changes in 
occurred. The older surgeons had used ether by the drop 
me 0 ^ almost exelusii’^ely and some of the younger men Avithout that experi- 
ence AA eie not so enthusiastic about ether as Avere their elders. Some Avished to 
nic ica c t le t 3 "pe of anesthetic to be used on everj"- patient thej^ operated on ; 

0 leis Avished the Section on Anesthesiology to recommend Avhat type of anes- 
le le s lould be used. In general, in spite of a gradual changing of personnel 
^ +1 ®^^^’Sical staff and in the anesthesiology staff, certain agents and 
methods hai^e been introduced from time to time and it has been the policy 
ot the Section on Anesthesiology not to ride a hobby or encourage the use of 
any one agent or method to the exclusion of others. It AVas felt that if the 
agent or method had merit it Avould surAuve. Tlie greater the merit, the more 
extensiA’ely Avould the method be used. 





Tabm: ir. Si'nciAii AnKN'i's amd J[i:Titoi>-s, Pi:i: Ci:.vt 



’ riiis tiible includes only those cases in wliicli the ascnt, conihlnation, or method named was the only one used ; tliat is, unless otherwise indicated. 
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Tlic rcsult.s ave apparoni in llitw lliroo Inhli'.s. ]ii Ta))l(‘ 1 i1 will bo notod 
that special aponls and mollinds have ooiiio to ho used in about Iwo-lliirds of 
the caso.s. Ordiiiaiy aponts and methods are used in about ono-thivd of the 
eases and this has been Into foe the last seven o)' oi^dit yoai's. in Tables II 

and Til it will bo soon eloai-ly that a mixlure of oil and other by reotum has 

boon used but little. It has not been used at all for the last fourteen years. 
There Avoro several reasons for diseontinuin/? the use of oil and ethei' by ree- 
tnin. The anesthesia was not always satisfaetory. the method did not lit into 
the senerat scheme of thiujis utilized by local hospitals foi' the handling of 
patients, that is, brinpin<r them to the operating room in a wheel eliair and .so 
forth, patients often expelled some of the a^enl. the dose had to be pue.s.sed at 

and mifiht be either too much or too little, and the pei-eenta^es of sueli eases 

Avere hisjh enough so that the method Avas not uniformly satisfactory. Tlie.se 
remarks should not bo construed to mean that it is not possible to ane.sthctize 
a fairly high percentage of patients by this method Avith considerable .satis- 
faction if an experienced ane.sthetist is aA-ailable and can deA'ote his full atten- 
tion to one ea.se at a time. IToAvoA-er. AA'hile it is not a mortal reflection ob the 
method that it recjuires the full attention of an experienced ane.slhe(ist through- 
out the period of administration, nevertheless such a method is not economi- 
cally as de.sirable as some other method in Avhieh one experienced pcr.son can 
supervise its use in the hands of several less .skilled persons. 1t is used onl,A' 
rarely for surgical ea.ses noA\' but is occasionally usefid in ane.sthetizing pa- 
tients suffering from an attack of intractable asthma. 

Tribromethyl alcohol as a rectal anesthetic was used hero in 1929 and Avas 
more satisfactory than oil and ether by rectum, I'lic use of barbiturates by 
rectum plus tribromethyl alcohol Avas tried but did not have any a])parent 
adAmntage OA'er tribromethyl alcohol itself and this combination Avas used but 
for a short time. 

A different situalioiA concerned the use of acetylene. It Avas used a fcAv 
times in 1928, 1929, and 1930. About the .same time it Avas l)eing fused in 
(Germany under the name of narcylen. The advantage.s of tlie method Avere 
that the use of ether could he aA'oided and large quantities of oxygen could be 
administered. The hazard of explosion Avas very great and for that reason its 
use Avas discontinued. Since that time other agents and methods have ap- 
peared Avhieh make it neither necessary nor desirable to nse acetylene again. 

The intraAvnous use of barbiturates AA'as begun in 1929 Avith sodium amytal. 
The re.sulls Avere both encoui-aging and discouraging. The patients liked the 
juethod i)ut the postoperative rest le.ssn ess Avas too great. In 1930, pentobar- 
bital sodium (sodium nembutal), another havhituratc, Avas tried. Although 
for a time it seemed to he ])etter than sodium amytal, still the results Avere 
not satisfaetory so that by 1933 the intraA'enoiis method Avas ])i-aetieal)y not 
being used. In 1934 avc began the use of pentothal sodium and since 1937 it 
has been em])loyed in about one-lhird of all eases in Avhieh special methods 
of anesthesia were used. It seems that, now that the method is rather tho)‘- 
onghly established, its usefulness is fairly Avell knoAvn and its percentage of 
use does not vary much from year to year.'' This, as in the ca.se of other 
agents and methods. Avould indicate a .joint o])inion of surgeons and anes- 
thetists on this point in this institution. 

IliA'inyl ether Avas tried in 1933. aaain in 193.5, and again in 1937 in a few 
eases, hut it had no advantages from our point of view nv(*r intravenous 
anesthe.sia and so it has not been u.scd for the last .six yeai’s. f'yelopropane. 
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use of which was begun in 1933, has had a considerable change in percentage 
of use from time to time. The explosion hazard is well recognized and there 
are some other effects cyclopropane seems to have on some patients that have 
made us guarded in the use of it, namely, sudden collapse at the end of the 
operation Avhen the anesthetic was discontinued in some very prolonged and 
ma.ior procedures. "We have heard about such episodes from others but have 
seldom observed them oui'selves. The reports of fibrillation due to the drug 
have made us cautious, although actually we seldom have encountered this 
result clinically. It would appear that, if one observes the recommended pi’e- 
cautions'^ in the use of cyclopropane, it is a widely useful agent but it is not 
an essential except in a limited field, particularly thoracic .surgery. 

One ou-standnig method begun in 1920 was tlie use of lilagiH’s intratracheal 
tube. Its use has greatly enhanced the A'alue of the inhalation anesthetic 
agents and has provided an adequate airway under almost all circumstances 
in which improvement in patency of the airway was needed. The intratracheal 
method has survived ^^eissitudes associated with the placing of the tube, 
which involved in some cases broken teeth or trauma to the respiratory pas- 
sages or both. 

Such agents as chloroform and ethyl chloride by inhalation have not sur- 
vived becaiise of the fact that the risk of death associated with their use was 
considered to be un.iustified because there are now other kinds of agents for 
anesthetizing patients in eases in which these agents previously were used. 

Prom Table III it is seen that for the last eight yeai's there has been little 
change in the percentage of employment of the agents used at present. It has 
been the joint experience of the anesthetist and the surgeon that under the 
circumstances under which we work, which are all-inclusive, we get our best 
all-around results by using certain agents and methods with the indicated 
frequency. "We do not consider that our use of these agents and methods is 
necessarily the best use of them elsewhere. "We recognize that in the various 
other medical centers there are definite reasons for using varioiis agents and 
methods differently than is done here. 

Many factors are involved in the choice of anesthetic which cannot be 
elaborated here, such as the speed that various operating surgeons employ in 
one institution as compared with another, the necessity for AveU-organized 
and co-ordinated work on the part of both the anesthetists and the surgeons 
for the satisfactory handling of a large number of patients, an abundant 
supply of materials and personnel in contrast to a lack of these things, and 
the personal enthusiasm or prejudice of either the surgical or anesthesiologic 
staff for or against a given agent or method. All these things make for a 
difference in statistics in different institutions. It does not seem necessary to 
argue that one institution is Mwong if it does not follow the lead of another. 

One agent about AA’hich there might be controversy may be selected as an 
example for discussion. The one selected will be diethyl ether by inhalation 
with or Avithout the use of an intratracheal tube. In Table III it Avill be seen 
that there has been little change in the frequency AAuth Avhich ether Avas used 
for the last eight or nine years. HoAveA’er, if a visitor happens to observe dur- 
ing a period of a few days when ether is used frequently by the open-drop 
method he may gain the impression that this is the standard practice although 
actuaUv the agent may have been used oftener at that particular period than 
at anr "other time during the year. If ether were obAuously undesirable in the 
cases in Avhich it has been used, even though this conclusion might not have 
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been very clear twcnly-fivc years afjo, it would have hoeoine very clear now 
or in tlie last few years. Since practically any agent or inetliod tliat is avail- 
able anywhere is available here and since the incnibers of the .stalT visit other 
institutions and attend meetings, they have tlic opportunity to sec the results 
obtained elsewhere and after discussing (he results observed elsewhere they 
may decide to try that technique here. This has been done repeatedly with 
imaetically, all combinations of anesthetics and if the results then obtained 
were superior to those obtained previously then the method lias .survived and 
the old one is abandoned. In examining the figures in Tables 11 and 111 it 
must be clear at least for the last several years that the agents and metliods 
employed and the methods of administration have been generally satisfactory 
to those concerned. The figures show more trend to use s])ccial methods when- 
ever these methods have given better results than tverc obtained with ordi- 
nary methods. 
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EXPLOSIONS IN ANESTHESIA 

A IIe\'ii3\v of the Literature 

Frank Cook, SI.D.,* Minneapolis, SIinn. 

P’ XPLOSIONS have been witnessed by manj’’ anestiietists and surgeons and 
■L- J the danger of their occurrenee is surely well known to those physicians in 
whose presence they have not yet occurred. It is unfortunate, as LeeKoy and 
Sword^ have ivritten, that almost all inhalant anesthetic drug's used today will 
burn or explode ; further, tliat they are always given with air or pure oxygen ; 
and that these mixtures are confined in closed spaces in the anesthetic apparatus 
and in the patient’s respiratory system. The various ethers, ethylene, and 
cyclopropane have been involved in numerous fires and explosions. Nitrous 
oxide has been exonerated only in the laboratory. It is stated to have been the 
sole anesthetizing agent in the instance of an explosion described in 1924.^ The 
gas was reported to be a mixture of nitrous oxide and oxygen; the source of 
heat, the high frequency electrical eauteiy. On touching the patient with the 
electrode, an explosion took place in the gas mask and rubber tubes. It was 
theorized that “the explosion occurred by reason of the fact that some carbon 
or foreign substance had got into the nitrous oxide and oxygen gas being used, ’ ’ 
Aceoi’ding to Luckliai’dt,® a niti’ous oxide-oxygen mixtui'e can be ignited and 
thus exploded by a thennoeauteiy. Herb,* substituting nitrous oxide-oxygen 
for etbylene-oxygen, reported two explosions “vith this gas” within a few 
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•weeks. Ether -was ])]’e.seiit in the ether elianil)ei- of tlie "as machine wlien tliese ex- 
plosions occurred: it became i"nited “in one of the nitrous oxide-oxygen ex- 
plosions.” "Wilson, in discussing an article' by Blomfield,'^ described two ea-scs 
of fatal ex])losion in England a.ssociated Avith nitrous oxide ane.sthesia; a 
bronchoseo])e was used in one ca.se, a flame reached tlic patient's mouth in the 
other. The ex])losion of a tank containing nitrous oxide was reported in 1929'"'; 
the tank was on the floor, disconnected from the machine, and its valve was 
being manipulated at the time of its explosion. It was a.ssumed that the tank 
contained some ethylene, as the machine in the operating I'oom on the occasion 
of the explosion was not ecjuippcd with a device rendering impossible the mixture 
of these gases: there Avas no further CA'idence for this assumption. The Briiish 
Medical JoxirnaV referred, in 1935. to “explosion limits’' of nitrous oxide, to 
the “ready ignition’' of this gas. and Avarned that it Avas not to be regarded as 
ineid. Livingstone. Shank, and EngeE rejAorted. in 1939. tliree so-called nitrous 
oxide-oxygen explosions, one in iMi.ssouri (urethi-al caruncle cauterization) and 
tAA’o in England (both during tlie use of a bronchoscope) ; they suspected the 
presence, in the apparatus, of ether or oil or. in the pitrous oxide, of carbon or 
“foreign suLstanec.” ttreene'* reported, in 19-11. an explosion of nitrous oxide- 
oxygen “plus unknoAAm.'’ Pinson’" reported “alleged explosions of chlorofoi’in 
A'apour." Kretschmer” rei)ortcd tAvo explosions, in 1934, occurring during 
transurethral electroresection of the })roslate under sacral anesthesia. He added, 
“Practically every urologist, during the course of fulguration ‘treatment of 
bladder papillomas has at some time or another experienced small intravesical 
explosions." The cxplosiA-e mixture in the.se cases. Avlicre no combustible gas 
has been administered, is hydrogen-oxygen, products of hydrolysis of AA’ater in 
the bladder by the action of the electric current. 

HOAV GRE-AT IS THE D.AXGER? 

“The total number of ethylene falalitie.s,'’ Avrote "Williams'- in 1930, “has 
not been large. "Were there no remedy it might even seem proper to continue 
its use in the manner and Avith the equipment hitherto employed.” Plenderson,''’ 
Avriting in 1930, defended the ane.sthctic apparatus of the day, stating that 
explosions cau.sed one death in about 100,000 anesthesias, and that, in compari- 
.son, other commoner hazards consequent on older methods of anesthesia Avere 
greatly reduced. He said that ether is re.sponsibIe for more explosions or flares 
than ethylene and concluded: “Explosion is today the least of the hazards of 
ane.sthesia.'’ “Respiraton' complications and shock from improperly admin- 
istered anesthetics.” Avrote Griffith in 1931,” “cause a hundred times more 
deaths than all the explosions.'’ One fatal anesthetic explosion receiA-es AA'ide- 
spread attention, the Journal of the Aniei'ican Medical Associafioxd'' declared 
editorially, Avhile 100 deaths from ])ostoperative pneumonia may go unpub- 
lieized. Herb'® listed the reported cxplo.sions in 1933 as folloAA’s: ethylene, 
20 explo.sions Avith .5 deaths: nitrous oxide-oxygcn-cthylene, 2 deaths; nitrous 
oxide-oxA'gen-ether, 39 explosions AA'ith 5 deaths. She asserted that 20,000 an- 
esthesias AA-ere given Avith no explosion, folloAving the installation of a conductive 
"rounded floor; she had reported," in 1925. 5 ethylene explo.sions in about one and 
one-half years at one hospital, occurring in Avhat Avas later referred to as a feAV 
hundred anesthesias. Phillips,” Avriting in 1936, believed that the danger of 
anesthetic explosions Avas great. "With the advent of ethylene, Avrote GuedeP® 
in 1937 “we became explosion conscious.” An editorial® of the Journal of the 
Anxcrican Medical Association (1939) estimated the frequency of ether accidents 
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at about 100 a year. ‘'Mllior aiuvstlicsia.” it said, "is too well ostablislu’d to ln> 
affoctod by cx])1osious. Avhicli are usually not cvoii roporlccl.'' Tbo Subconuniftoc 
of the Aiucricau Society of Auestbetists on Fires and ICxplosions’'* listed all 


ve}iorted oxplosious for tbe tifteen-year period from lil'do to liblO as follows: 
otber-aiv, 23 explosions with 2 deaths; etber-oxyf>en, 10 ex])losious with 3 deaths; 
nitrous oxide-oxy^ieu-etber, 19 (‘xplosions with 9 deaths; etbylene-oxy^en, IG ex- 
plosions with 5 deaths; eyelo]iropane-oxy,!ren. 9 explosions with 3 deaths; eases 
in the last two p:rou]is included those in whieh ether or other agents had been 
added. Woodhrid”e,-'’ writiii” in 193!), .sue^iesled that the exjdosive risk was 
very small, in ]u-oportion to the other risks attendine- .surfrery and anesthesia, 
and that the dramatic nature af an ex))losion was lai’fiely r('sj)on.sihle foi’ the 
])ublicity and fear associated with this hazard, lie a.sserfed that the explosion 
rate was about 2 to 4 per 100,000 administrations; this was hasc'd on C4 ex- 
plosions oeeurrin;>' in 2’t) million ane.sthesia.s. with 2 deaths. Pinson’" a.sserted 
that at least 100 etiier explosions probably occur in Fn^dand annually. Liv- 
ingstone, Shank, and Engel’' olfei'cd. in 1939, the findings of G collections of 
anesthetic explosions. The first study was by Herb, who. they stated, reimrted 
(in 1930) 1,005,375 ethylene aneslhe.sias, with 20 explosions and 5 deaths. O'he 
second study rei)orted by them was that of Henderson, in which ethylene ane.s- 
thesias at 2SS hospitals resulted in 10 explosions and 1 death. 'J'hcir third grou]) 
of cases was reported by Cabot ; 146,000 ethylene anesthesias given at 75 hospi- 
tals resulted in 1 explosion and 1 fire. Their fourth list u'as based on the re- 
ports of 58 surgeons, according to which more than 163,000 ethylene anesthesias 
resulted in IS explosions and 1 death. The fifth grou]) cited by these aiithors 
was that of Salzer who, in 1929, reported 425,000 ethylene anesthesias with 10 
explosions and 1 death. The sixth collection ofi'ered by Living.stone and her col- 
leagues was as follows: ether or ether-oxygen, 34 accidcJits; nitrous oxide- 
oxygen-ether, 14 explosions; ethylene-oxygen, 14 exidosioiis ; cyclopropane- 
oxygen, 11 explosions; oxygen, 9 accidents; nitrous oxide-oygen, 3 explo.sions; 
there were 27 deaths in this last scries. Horton^’ stated, in 1941, that anc.s- 
thetie explosions wei'C rare. Oreene" rei}ortcd, in 1941, a collection of 230 an- 
esthetic fires and explosions. 

Injuries to the patient usually include burns, rupture of the lungs, and 
trauma from flying metal and glass. Greene'' was able to report 3 cases of re- 
covery from ruptured lungs. 


ARE THE RISKS DIFl^ERENT FOR DIFFF.REKT COMBUSTIBLE AGENTS f 

Luckhai'dt and Lewis,’’- writing in 1923, in one of the earliest articles de- 
scribing the anesthetic properties of ethylene and its use in man, warned of its 
inflammability and explosibility. Hendei’son“ stated, in 1930, that ether is re- 
sponsible for more minor explosions or flares than ethylene, but that ethylene 
explosions are more violent. LuckhaixlF believed ethylene-oxygen mixtures to 
be no more dangerous from an explosive standpoint than ether-oxygen mixtures. 
The Council on Pharmacy and Chemistry of the American kledical Association 
reported, ”5 in 1939 ^ that it considered cyclopropane to liave the same potential 
explosion hazard as ether and ethylene. Woodbridge”'* concluded from his study 
of million anesthesias that ethylene, cyclopropane, and ether (given with 
oxygen or nitrous oxide) arc cfiually dangerous from the explosive standpoint, 
and that drop ether is safer. Horton-’ declared, in 1941, that the rarity of an- 
esthetic explosions rendered statistie.s " inadequate to show whether one gas is 
relatively more dangerous than another, or wliether there is an increasing' fre- 
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quency of occurrence of anesthetic exi^losions."’ Greene-® attribuied the .ap- 
parent safety of ether to “the relative harmles.sness wliich is assoeiated with the 
combustion of any anesthetic mixed with air.” 

SHOUUD ANY GAS RE BAXXED ? 

Griffith^ wai'iied, in 1931, that going back to ether-oxygen or to nitrous 
o.xi de-ether-oxygen had without justification given several workei’s a feeling of 
security and had made them neglectful of the usual precautions to be taken 
when, working with explosive mixtui’es. Woodbridge quoted Guedel, in 1939,^“ 
to the effect that prohibiting the use of ethylene or cyclopropane was ridiculous. 
Poe’s opinion-® on the banning of ethylene (1930), typical of most physician- 
anesthetists, is worth quoting; “To discard ethylene in anesthetic is like dis- 
earding the use of gasoline in transportation, because some persist in using a 
match to see if the tank is empty.” 

IS ETHER DANGEROUS? 

That ether mixtures will explode has been, pointed out by many investi- 
gators. That the likelihood and violence of such explosions are increased by the 
substitution of oxygen for air in ether mixtures has been stressed in many 
articles. Black-" reported, in 1874, a relatively hai'mleSs ether fire initiated by 
the actual cauteiy used in removing a tiunor of the neck; other ether fires and 
explosions veiy likely happened before this. An ether explosion was reported 
as early as 1892, in England; ether upset near a fireplace became ignited and 
exploded, shaldng the house, brealdng windows, and demolishing the room. 
BroAvn-® stated, in 1924, that nitrous oxide-oxj-gen-ether mixtures were as ex- 
plosive as ethjdene-oxygen mixtures. ‘Writing in 1928, Lundy®® declared that 
the flash points of ethj-lene and ether are about the same. Poe“® warned, in 
1930, of the danger of administeiing ether-oxj'gen by insufflation because of the 
great violence of ether-oxygen explosions, and, it is assmned, the likelihood of 
the occurrence of an explosion %vith this technique ; at the same time, however, he 
recommended the practice of perfoiming ethylene-oxygen anesthesia ndth nitrous 
oxide induction, a procedure regarded as dangerous by later writers. GuedeP® 
stated that the substitution of oxygen for air in ether anesthesia increased the 
speed of flame propagation into the lungs and heightened the riolence of the 
explosion. Liringstone, Shank, and Engel® have said that ether explosions 
have occurred during anesthesias in which this agent was given b 3 ’- the open- 
drop method, bj^ motor-driven ether vaporizers, and by various machines in 
combination with oxj-gen; that the source of ignition has on different occasions 
been turning on an electric light, the laiyngoscope, cautery (in one instance, 
during a hemorrhoidectomy), static spark, electric penlight, cigarette, diathermy 
electrode, motor blower, fulguration tip, operator’s headlight, fluoroscope, suc- 
tion motor, and the bronchoscope. In their discussion of nitrous oxide-oxj^gen- 
ether mixtures, these authors have well said: “The veiy presence of this mix- 
ture in an apparatus, whether or not it is in use, is to be treated with great 
respect.” Woodbridge, Horton, and Connell®^ warned, in 1939, that ethjd and 
rinjd ethers and ethjd chloride are explosive in air, oxygen, and nitrous oxide. 
Newcomer®® emphasized, in 1940, the explosiveness of ether-oxygen mixtures, 
adding that tlie^^ ignite at even lower temperatui-es than cyclopropane-oxygen. 
“The ether explosion hazard,” wrote Morrill®® in 1941, “verj^ closely approx- 
imates that for ethjdene.” Ether-air mixtures, Greene® stated, have produced 
fatal explosions but they tend veiy little to propagate “a wave of flame or 
pressure into and down the respiratory tract”; ether-oxj^gen, however, with 
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or -williout Jiilrous oxide, has a.s 5xrc.-if « Iciuleney to do this as lias elliylcnc- 
oxygcii or cyclopropaiio-oxygeii. Jlorgair"' .stated, in 15)31, tliat ■\vliilo ignition 
temperatures of hydrogen, earbon monoxide, and nietliane arc about 500° C., 
ether vapor will ignite at about 190° C., and that “liquid ether when eon- 
taminated by impurities may ignite at a temiierature as low as that of boiling 
water.” “From time to time,” wrote Fealhcrslone'''’ in 15)31, “I hear of a 
minor ‘pop’ having oceuri'ed when a .small lighted eleetrie bulb has been inserted 
into the mouth during ether-air anesthesia.” Commenting editorially on an ether 
explosion in 1903, the Lancci^” stated that “it is well known that a mixture of 
ether vapour and atmospheric air is highly exidosivc. ’’ 


HOW DORS .\x icxrno.siox occua? 

The conditions necc.ssary for an cx]dosion are, as Ilovenstinc’'* has well 
stated them, “an inflammable gas vapor or other substance; oxygon, either pure 
or in the air, or a gas or other .substance that provides oxygen, such as nitrous 
oxide; and a source of ignition.” It i.s, therefore, easily undcr.stood that at- 
tempts to solve the problem of anc.sthetie explosions would be directed toward 
the elimination of each of these three conditions. Two other types of exi)losion, 
due to (a) pressure and (b) the i)re.senec of a .spontaneously combustible mix- 
ture, will he referred to later. 


' IGNITIOX 

The sources of heat .serving to ignite combustible mixtures are numerous, 
as many investigators have listed them. The dangers of the open flame and 
cigarette have long been recognized. The hazard of the actual cautery has long 
been known and, more recently, the dangers of the electric cauteiy, diatliermj'’, 
and x-ray apparatus have come into widespread knowledge. Gi’ccne'’ reported, 
in '194:1, a collection of 230 anesthetic fires and explosions. Of these, x-ray 
apparatus was involved in 10 eases, cautery apparatus in 57 cases, diathermy 
apparatus in 20 cases, suction-pressure machines in 59 cases, endoscopic ap- 
paratus in 5 cases, and static electricity in 63 cases. • The ignition point of a 
combustible gas, according to Piirson,^" is the temperature at which it “fires.” 
“The term ‘flash point,’ refers to a liquid,” he wrote, “being that temperature 
at which it gives off inflammable vapour.” Adriani”® defined flash point as the 
“lowest temperature at which vapor of a liquid may be ignited”; kindling tem- 
perature as the “lowest temperature at which a combustible mi-xture ignites and 
continues to bum per se.” According to Cooper,’’” the flash point, wdiich 
indicates the ability of a liquid to form explosive mixtures, is the temperature 
to which the liquid must be heated to produce a flash or flame when a small 
flame is passed across the liquid’s surface. Ethyl and vinyl ethers,' he pointed 
out, have very low flash points and can thus form explosive mixtures in oxygen 
or in air at temperatures below 0° F. A sufficiently large portion of a gaseous 
mixture, he Avrote, must be heated to its ignition temperature, that temperature 
at which I’apid combustion becomes independent of external supplies of heat, 
and that temperature must be maintained until ignition occurs in order that the 
mixture be exploded. Any combustible, he added, Avhen mixed Avith oxygen 
AviU ignite at a loAver temperature than AAdien mixed AAotli air; the difference 
is not usualty great but it amounts to more than 100° C. for ether. Accord- 
ing to Blomfield,® the rapid ignition point of ethylene in oxygen is 604° C., “a 
temperature at AAdiich a solid bodj*^ is just Ausibly red in a dark room”; propor- 
tions of tlie gases Avere not given. He further stated that (a) raising the 
pressure caused a loAvering of the ignition point; (b) reducing “the presence 
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of the oxj'gen” produced an initial rise in the ignition point, tlien a lowering of 
this temperature, and finally a noncomhustible mixture; (c) the ignition point 
of ethjdene is lower in nitrous oxide than in oxygen. Dixon'"’ warned, in 1926, 
of the danger in bringing a heated body in contact with an ether-oxygen mix- 
ture. "That the heated body is not visible red-hot,” he wrote, "is no guarantee 
of safety; the danger point begins at least 300° C. below visible redness.” 
Pinson’® stated, in 1930, that visible red heat is ncccssaiy to ignite an ether-air 
mixture. Ether-oxygen mixtures can be ignited, according to Cooper,®® at 
184° 0., a temperature well below a visible red heat. 

Greene® stated, in 1941, that "mo.st anesthesias l)y insufflation today are still 
being administered in the presence of serious, obvious and preventable sources 
of ignition”; he called attention to the large number of accidents (more fires 
than explosions) and to the small number of injuries and recommended (a) 
mercury switches, (b) sealed motors, (e) grounding the metal cabinet, and (d) 
high, locking wall outlets. 


ELECTRIC.VL EQUIPJIEICT 

The existence, location, and condition of such obvious sources of ignition 
as outlets, switches, wires, terminals, eauteiy, higli frequenej' apparatus, and 
lamps are usuallj" obvious and should be known by the entire operating room 
pei'sonnel. Phillips” listed, in 1936, the following as the usual electric circuits 
and equipments that are dangerous in the operating room: lights and light 
fixtures, receptacles and attachment plugs, all switches, all rheostats and adjust- 
able transfonners, cords to portable and semiportable equipments (in fact, all 
exposed cords and wires), electric .sterilizers, cauteries, electrically illuminated 
lights, diathermy, fulguration, high frequency, x-ray, and fluoroscopic equip- 
ment, electric motors (suction devices, bone saws), electrocardiograph, tele- 
phones, buzzers, telephone magneto-ringers. He pointed out three dangerous 
features of the electric cauteiy: (a) the heat deliberate!}’- generated, (b) the 
frequent sparking of the rheostat or transformer used to regulate the tempera- 
ture, and (c) the possibility of breaking or separation of cords and terminals 
with arc formation. All electrical circuits in the operating room, Tovell and 
Friend*’ wrote, in 1942, should be supplied by insulated transformers outside 
the room; the three-wire type of wiring should be used, they stated, the third 
Avire serving to ground all housings. They empliasized the importance of safety 
type switches, receptacles, plugs, motors, and lighting fixtures. 

Greene® collected five combustions due to electrically lighted instruments, 
as the bi’onchoscope, laryngoscope, and pocket flashlight; these Avere attx-ibuted 
to faulty contacts, poor insulation, breaking of bulbs, and short circuits. He 
recommended solid glass bulbs, Ioav voltages, and properly functioning ap- 
paratus. 

THE STATIC SPARK 

Static spark is a more elusiA’e source of ignition. Its location is not fixed, 
its occurrence cannot be predicted, and the conditions necessary for its creation 
are not perfectly understood by all AA’orkers. 

The manner of fonnation of electrostatic charges has been described by 
many authors. Separation of insulating materials such as fabrics and rubber 
sheets, percussion, and friction (as in the breathing bag) are knoAvn to he 
common generators of static charges. 

Horton®® stated, in 1939, that a person Avearing cotton garments could ac- 
quire a potential of more than 400 volts by moving about on a cushioned steel; 
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wearing street clotlies increased tlic ])otcnfial to several tiines lliis figure. He 
found fabrics to be rosi)onsib]e for ino.st of Ibo oilier soin-ees of ])otenlial in the 
operating room. i\rerely drajiing the patient gave liiin a potential of about 40 
volts to ground; inserting pads between the sterile .sheet and the neck rai.scd 
the patient’s potential IbO volts; removing the instrument ti-ay stand from the 
foot of the table gave the patient a potential of bO volts. Farrand^= as.sertcd, 
in 1939, that a mu'sc “may in the eonr.se of an ei'i’and piek uj) a eliarge of 
several thousand volts”; he .showed that inanijnilation of and breathing into the 
breathing bag generated from 200 to 1.000 volt.s. that turning a rubber-covered 
pad on an ojicrating table generated about 6,200 volts. 

In considering cleetrostalie charges, Newcomer^’’ iminled out the fact that 
the capacity of the storing body, as well as its iiolenlial, is important, and that 
the potential docs not alone indicate, under given eondilion.s, whether or not a 
spark will incite an exiilosion. 

Aecoi’ding to Ibnch,'"' currents carried by the discharge jiroduced at the 
breaking of an electric current arc usually le.ss than 1 amj). The rale of energy 
dissipation is low, he added, but the total amount of energy may be large if the 
discharge is prolonged over a considerable fraction of a second. The rale of 
energy dissipation in the case of static spark, be stated, is enormous, but is main- 
tained for only a fraction of a millionth of a second. Several investigators, 
according to E. T. Jones, have been of the oj)inion that si)ark ignition of an 
inflammable gas mixture was due, not to the beat developed, but to the cui’rent 
itself, or its ionizing effect, in the gas. Jones showed, however, that the ordinary 
spark is a better igniter than the condenser .spailc (in which the current cimsing 
the spark gap is greater) and inclined to the thermal theory of spark ignition, 
that ignition depends on “the volume of the gas which the spark can by its own 
heat raise to the ignition temperature.” 

The electrical effect of the passage of gas through breathing tubes has been 
commented upon bj’’ many u'rilers. Phillips” asserted that the flow of dry gases 
through rubber tubing will produce static charges. Luckhardt,'* witing in 1924 
of the possibilities of explosion, from ignition by a static spark, of ethylene- 
oxygen mixtures in the tubing, considered the mechani.sm of such spark foima- 
tion to be largely or entirely the “development of static electricity as the result 
of the long-continued flow of an ethylene-oxygen mixture in the tubing.” 
Williams^^ asserted that passage of dry gases through rubber tubing which is 
dusty or contains metallic powder from valve wear may create charges of 
several thousand volts in a few seconds. He further contended, in 1930, that the 
inside of the breathing tubes and bag is not kept moistened b.y the water vapor 
in the patient ’s exhaled breath ; tlie compressed gases, he maintained, are made 
dry and adsorb water “with great avidity.” According to Brown,-® static sparks 
formed by a charge generated by the passing of a gas under pressure through 
a narrow orifice (the only method of spark formation in tlie operating room con- 
sidered in his article) are not likely to pi’oduce an exi^losion. Sise^® believed 
that ethylene flowing over rubber could generate a static charge. WardelP' 
asserted that the passage of gas may create static charges, if some particles of 
dust or liquid are present. The matter of liquid particles has been mentioned 
by several writers, and it is food for thought that their presence has been con- 
sidered a factor in the production of static and at the same time a method of 
dispersing such charges. Kajmer^® advised, in 1938, blowing off a little oxygen 
before starting a new tank, to remove water or dust particles, wliich might cause 
the fonnation of static during the high rate of flow of the gas. SIcDiarmid''® 
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quoted Kelvin to the effect that bubbling air througli water causes the air to 
acquire a negative electrostatic charge. Knowing that the interfrietion of solids 
produces a measurable electrical charge, she investigated the pos.sibility of the 
prodvietion of electricity by the friction of gases on solids. Air was passed 
through tubes eonstructed of different materials (insulators: glass, quartz, 
ebonite; metals: iron, copper, bra.s.s, aluminum; rubber was not te.sted) and 
of different bores and lengths. She found that (a) charges were developed on 
the air and on the tubes; (b) the charge on the air was opposite in .sign to that 
on the tubes; (c) the .signs of the charges on the tubes were positive for some 
insulators and for some metals and negative for other insulators and other 
metals; (d) the charge developed on the air wa.s directly proportional to the 
length of the tube; (e) electrification increased with the speed of flow; (f) 
vdder tubes produced greater chargc.s, as they permitted a greater speed of 
flow; (g) the gi'catest deflection of the electrometer needle, calibrated at 300 
to 600 mm. per volt, was 950 mm., which would thus corrc.spond to a charge of 
about 1^2 to 3 volts; this was produced by a 5^4 second flow through a 10 mm. 
bore glass tube 78 cm. long, which would thus correspond to a rate of flow of 
aboiit 695 c.c. per minute; the potential to which a metal container Avas raised, 
into which the air was conducted, Avas of the order of magnitude of 1 A'olt. No 
gas other than air Avas tested. It Avould thus seem that the charges created 
in this manner are too small to be significant in the etiology of explosions of 
anesthetic gases by static spark. 

IS THE JI.ACHINE THE OPFEXDER IX STATIC FORMATIOX? 

That a good part of the danger of electrostatic charge formation arises 
from the anesthesia apparatus itself has been contended by several authors. 
The theorA* of static charge formation by the moA’^ement of gas through the anes- 
thesia apparatus has already been discussed.^’ Phillips’" stated 

definitely that the anesthetic machine, Avith its breathing bag, tubes, and mask, 
eomstituted “the greatest single explosion hazard.” Apart from the iieAv&st 
machines, equipped Avith conductiA'e rubber throughout, Greene® Avas unable 
to find, in 1941, any apparatus “A\-hich can claim a real superiority Avith respect 
to the hazard of static production Avithin the apparatus.” He concluded, from 
a study of 63 static explosions, that the greatest danger lay in the anesthesia 
apparatus itself, Avith its breathing bag, tube.s, and mask. Other investigators 
have felt, hoAvever, that little or no danger of static spark formation is ci-eated 
by the anesthesia apparatus itself. Connell,®® representing the manufacturer 
of anesthesia apparatus, maintained, in 1939, that most static in the operating 
room is created by the unit including the patient, drapes, and attendants; less 
static, he felt, is generated by the anesthetist, and least by the apparatus. Used 
properly, the anesthesia machine, according to Horton,®’ does not contribute 
to the cause of ignition ; he warned, hoAvcA’cr, of the danger inherent in the prac- 
tice of remoAung the breathing bag during anesthesia and in the use of metal 
collars on breathing bags. Eajmert® Avas of the opinion (1938) that charges 
responsible for explosions AA^ere deA’eloped outside the anesthetic apparatus. Lee- 
Eoa^ and SAA'ord’ declared, in 1942, that “the possibilities of fire or explosion 
originating Avithin the anesthesia apparatus and the patient's respiratoiy tract 
are remote for tAvo reasons. Fii-stly, Ave do not always haA^e a mixture that is 
easily ignited. Secondly, there is little if any possibility of ignition from Avith- 

Griffith” regarded static electricity as the commonest source of ignition in 
anesthetic explosions. Static electricity Avas the commonest ignition source in 
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Greene's series” of 230 lires and explosions, where it was rei)or(ed 1o have been 
the igniting agent in 63 of the accidents. An analysis of these explosions .showed 
that static cxplo.sions occurring during anc.sthesia with ether-oxygen, ethylene- 
oxygen, or cycloproiianc-oxygen almost invariably result in an in.jnry to the. 
patient, and that .static ether-oxygen ex])lo.sions often kill him. 

EKrOUT.S TO UKIU'CI'. THE lUKOEU OI' STATIC Sl’AUK 

As has been shown by many invest igatois. the jirescnce of water vapor in 
the atmo.sphcre serves to dissipate electrostatic charges on all bodies within 
its reach; the air or gas mixture is rendered somewhat conductive and <‘hargcs 
tend to leak away from bodies on which they arc generated, so that sjiark forma- 
tion becomes less frequent or may not occur at all. Griffith’'' believed, as he 
wrote in 1931, that a .static sjuirk could not be jirodueed in an atmosphere witli 
a relative hnmidit.v of 54 per cent or more. He considered humidification to be 
the most effective method of eliminating static, and with it most of the anesthetic 
danger. Henderson'” recommended, in 1930, a high relative humidity in the 
atmosphere of the operating room and moistening the gases in.sidc the machine. 
'Woodbridge, 'Horton, and Connell'" cnqdoycd other precautionary measures, 
but stressed the importance of humidification in the operating room. 'Wiggin'" 
recommended humidification above 65 per cent. Sise,-''” in 1933, regarded 
humidification as the best safeguard against, static siiark. 

Rovenstine,”' writing in 1939, favored the practice of humidification. Ac- 
cording to Cooper,”” a relative humidity of 60 per cent oi- more in the operating 
I’oom will eliminate the foi'mation of static charges except within the gas machine 
' itself; rinsing tubes, mask, and bag before anesthesia will increase the humidity 
inside the appai'atus, he wrote. Hrapex’,”” loo, confox'med to the theoiy that 
moistiu’e in the atmosphei'c dis.sipatc.s static chai'gcs. Of 63 static explosions, 
Gi’eene” found the relative humidity to bo 60 per cent or more in 2 cases, 54 to 
55 per cent in 3 cases, less than 50 per cent in 32 cases, not reported in 26 eases ; 
of the 46 cases in which the seasonal incidence was given, only 2 occurred in the 
summer (when the humidity is high). He could find no reported static explo.sion 
in Australia and only one in England (the humidity in this case had been 
artificially established at a low level). He felt that humidification would not 
prevent all static fonnation, but that it should, nevertheless, be used. Phillips’" 
asserted that humidification dissipates charges more efficiently than wiring, 
since the water reaches all surfaces. 

The effect of humidity on the incidence of static explosions is borne out by 
PetavePs assertion”^ that the risk of static explosions is not great in England, 
where the atmosphere is not veiy dry ; static explosions are rare in Australia and 
in England, where only one such accident has been reported. As Rayner’® has 
well put it, “very cold, dry weather produces the worst conditions, for the out- 
side air contains little moisture, and when it is heated the relative humidity be- 
comes low. ’ ’ 

The practice of humidification has not been wdthout its opponents, how- 
ever. Newcomer,”” writing in 1940, did not believe that humidification would 
guard against static spark. The disadvantages associated ■with the maintenance 
of a high humidity, as Herb’® has stated, are twofold; the constant attention 
necessary for the carrying out of such a program with the dangerous possibility 
of an unobserved fall in the relative humidity, and the discomfort experienced 
by an operating room personnel working in a high humidity in a warm room, 
h’inch,'*'' in 1935, considered humidification “not likely to be of much use.” Pol- 
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become insulatod after a fev,- .steii*; <"> » l>tnvflere(l surfnee. llodoir’ j.huIT'I 
ffroundin<^ tbe eonduetive t!(Mir, siiiee. the obj(>et of iiitereimpliim bciii" lb' 
inainlenance of everylliiii”- in tiic n>om nt one jmteiitia!, and if boiii" wet^yaty 
that some objects lie at tinmnd pthenfiat, all objects shoiiiil be at emiunl 
potential, lie described four types of eondiietivi* noorinpt (a) the embwiyir.!: 
of metal .strips in a terrazz-' ..r tile floor; (b) eonduetiv<* ntbber floorinc; (el 


a laminated tloor, consisting ,.i .> layer of thin porous tiles eoveriutj a thidnii^' 
of cementj in ndiosi' upper '.>n!..ie ;i eoj>pi‘r screen is incor[ioratfd; (d) calcimr. 
chloride treated tile or tei i.! -/.) floor. Sparks may be struck from tile, b 
pointed out, by iron (ii* steel wl n-h mav In* ]ii’i‘seitt in siific.s or iiu'lal furiiitof. 
Shoe sole.s of ordinary rnbbi r Ibuion stated, are danirerous; the ivsistanet ni 
leather may vary from lli,0i>P ■ huK t<t 10 meeobms; eondiietive riihbor is kU 
for thi.s purpose, burnifure m t;ie oru-ratintr room, be e(»ittinued, should nub 
contact with the floor tlinurzh e-!v,i(-i>,. feel. i>r eriileh tijis einbodyinu condudi's 
rubber or bronze (.sjuirkless) dr.ie eiuiitis. lie wrote tliat sureeons i)intfoni!s 


beirifj insulatoi's, are danueuais .-nid should be eoitpled to the tloor Ip 
of metal or eondnetive rubb.-i '!'! e ji.atietO .should be direetly connected to tb 
table, for, as he warned, “in spur of all the eoiiduelive floorimt und dnr,' 
rrhieh may have been iustalb d, iii>> n;iiient Iviii"' ou the enstomary (opeintin- 
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Greene's series” of 230 fires and explosions, where it was re])orled to have heen 
the ignitini^ agent in 63 of the aeeidents. An analysis of those ox])losions showed 
that static explosions ocenrring during anesthesia with ether-oxygon, ethylene- 
oxygen, or cyclopro])ane-oxygen almost invariably result in an injury to the 
patient, and that static ether-oxygen explosions often kilt Iiiiu. 

Ki'rouT.s TO uiau'CT. Tin: dakoku or static suauk 

As has heen shown hy many invest igatoi-s. the lu-esence of water va))or in 
the atmosphere serves to dissipate electrostatic charges on all bodies within 
its reach; the air or gas mixture is rendered somewhat conductive and charges 
tend to leak away from bodies on which they arc generated, so that spark forma- 
tion becomes less frequent or may not occur at all. Griffith” believed, as he 
wrote in 1931, that a static spark could not he produced in an atmos]iherc with 
a i-elative humidity of .5+ jier cent or more, lie considered humidification to he 
the most effective method of eliminating static, and with it most of the anesthetic 
danger. Henderson” recommended, in 1930. a high relative humidity in the 
atmosphere of the operating room and moistening the ga.ses in.sidc the machine. 
Woodbridge, 'Horton, and Connell” em])loyed other i^reeautionary measures, 
hut stressed the importance of humidification in the o])erating room. Wiggin”’ 
recommended humidification above 65 per cent. Sise,*'- in 1933. regarded 
humidification as the host safeguard against static simrk. 

Rovenstine,”' writing in 1939, favored the practice of humidification. Ac- 
cording to Cooper,”” a relative humidity of 60 per cent or more in the operating 
room will eliminate the formation of static charges except within the gas machine 
• itself; rinsing riihes, mask, and bag before anesthesia will increase the humidity 
inside the appai’atus, he wrote. Draper,'"'” too, conformed to the theory that 
moisture in the atmosphere dissipates static charges. Of 63 static explosions, 
Greene” found the relative humidity to be 60 per cent or more in 2 cases, 54 to 
55 per cent in 3 ca.ses, less than 50 per cent in 32 cases, not reported in 26 cases ; 
of the 46 cases in which the seasonal incidence Avas given, only 2 occui*red in the 
summer (Avhen the humidity is high). He could find no reported static explosion 
in Australia and only one in England (the humidity in this ease had been 
artificially established at a low level). He felt that humidification would not 
prevent all static formation, but that it should, nevertheless, be used. Phillips” 
asserted that humidification dissipates charges more efficiently than wiring, 
since the water reaches all surfaces. 

The effect of humidity on the incidence of static explosions is borne out by 
Petavel’s assertion”^ that the risk of static explosions is not great in England, 
where the atmosphere is not very dry ; static explosions are rare in Australia and 
m England, where only one .such accident has been reported. As Rayner^® has 
well put it, “very cold, diw Aveather produces the AA'orst conditions, for the out- 
side air contains little moisture, and A\dien it is heated the relatWe humidity be- 
comes loAv. ’ ’ 

The practice of humidification has not been Avithout its opponents, hoAv- 
eA^er. NeAvcomer,”” Avriting in 1940, did not belieA'e that humidification Avould 
guard against static spark. The disadvantages associated Aidth the maintenance 
of a high humidity, as Herb”® has stated, are tAvofold : the constant attention 
necessary for the carrying out of such a program Avith the dangerous possibility 
of an unobserved fall in the relatiA’c humidity, and the discomfort experienced 
by an operating room personnel Avorking in a high humidity in a Avarm room^^ 
Finch,” in 1935, considered humidification “not ’'^)^”-‘vbe of much use.” Fc 
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lowing the occurrence of at least one explosion believed due to electrostatic dis- 
charge in an atmosphere whose relative humidity was 65 per cent, Horton'^^ 
showed, in 1939, by means of electrostatic potential measurements and by the 
production of actual sparks, that a relative humidity of 65 per cent does not 
fuUy protect against electrostatic sparks. ConneU'® expressed the opinion, in 
1939, that the danger of static spark cannot be entireh’ eliminated by increasing 
room humidity; he called attention to the forjnalion of lightning “in the wet air 
of thunderheads by the violence of gusts and water droplets.” He agi’ced, how- 
ever, that high Immidity is of value and declared that the water content is 
raised after three breaths in a closed circuit, and that the circuit is drenched 
within one minute. The importance of the carbon dioxide content of the atmos- 
phere in rendering the air more conductive b}' raising its elcctroljde concentra- 
tion was sti'essed by Tovell and Friend,'*^ who dispelled some of the eonfusion re- 
garding relative humidity values. They stated that a relative humidit}^ of 30 
per cent may be effective where there is an excess of carbon dioxide and that a 
relative humidity of 65 per cent may fail to prevent the accumulation of static 
in the absence of carbon dioxide. The effect of increased atmospheric humidity 
in lowei’ing the static danger by increasing the conducti^dty of the air would 
thus seem to depend on the electrolyte (chiefl.v carbon dioxide) content of the 
water vapor in the air. Others have attempted to cori’elate the efficacy of 
humidification with the voltage of the charge stored or dissipated. 

Grounding or earthing has been and is employed by manj* anesthetists in 
an attempt to remove quicldy 3113* static electricity that ma}’' be discharged onto 
the patient, the operating table, or the anesthetic apparatus. BrovTi-" ad\ased, 
in 1924, grounding the e.vlinder or mask. Herb'* recommended, in 1925, the use 
of a grounded conducting floor, to which all tables, stands, and apparatus are 
grounded. Livingstone'® advised, in 1930, that the operating table and anes- 
thetic apparatus be gi-ounded; to make the apparatus eutirel}' conductive she 
recommended the use of spiral vdre around the breathing tubes and vnre mesh 
around the breathing bag. Newcomer'- recommended, in 1940, grounding of 
the patient, together with the use of intercoupling. Lewis and Boehm'^ stated, 
in 1925, that grounding the anesthetic apparatus, patient, anesthetist, and 
operating table would eliminate the danger of static spark. Phillips'" felt that 
grounding increases the energ3^ of a spark received from a visitor and heightens 
the danger of a short circuit to the patient; he stated that “the proper evidence 
on the whole is against the grounding method.” Henderson," in 1930, con- 
demned the practice of grounding the anesthetic apparatus, maintaining that 
the protection was minimal and that the danger of short circuit from the elec- 
trical ill umin ating current was increased. Griffith” declared, in 1931, that 
grounding did not protect against static. Kovenstine," in 1939, did not employ 
grounding. Waters’ technique,'® as described by him in 1943, did not in- 
clude grounding. Draper" favoi’ed (1928) grounding all bodies in the danger 
zone. 

Artificially ventilating the operating room has been recommended b}^ several 
writers ; Chene3’-," in 1929, favored the use of a ventilating device to remove all 
escaping eth3-lene mixtures from the operating room. This practice probabl5' 
owed its popularit3’ largely to the high content of anesthetic gas in the operat- 
ing room atmosphere before the widespread use of the carbon dioxide-absorption 
rebreathing technique, popularized b5’’ Waters. Phillips'” recommended, in 
1936, the use of ventilation. Newcomer" warned, in 1940, of the danger of air 
conditioning; this practice, he stated, removes from the operating room atmos- 
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plicvc imicli o£ llic cai'lion dioxide, llic oloetrolytc Hint, plays a larirc pai’l in 
niakiii" air conductive. 

The elecli'ically connecting together of the. various parts of Hie surgcry- 
aiiesthcsia nnil has been recoinniciidod by many invostigator.s, on the lia-sis that 
thc.se separate components arc thus joined to form one electrostatic body, so that 
static sparks cannot pa.ss from one ob.icct or iiersoii to another so coupled. 

Lewis and Boehm'"’' stated, in 1925, that grounding the anesthetic aiiparatus, 
patient, anesthetist, and operating table would eliminate the danger of static 
spark. All individuals and objects concerned, therefore, were, in addition to 
being grounded, intercoupled, with a minimum of resistance. Herb'' recom- 
mended, in 1925, the use of a grounded conducting floor, to which all tables, 
stands, and apparatus are connected; this, too, achieves direct intoreoupling. 
Drapei-^^ also favored (1928) grounding all objects in the hazardous area, so as to 
include direct intcrcoupling. lie used galvanized iron mats, that could be 
rolled up and were incxjicnsivc; iiitcrcouiiling was thus without high resistance 
and was associated with an attcm]it to render the anesthesia aiijiaratus conduc- 
tive by the use of wires inside the breathing tubc.s. Philli])s'' called attention, 
in 1936, to the danger a.ssoeiatcd with spiral wire u.sed in tubing: the po.ssi- 
bility of breaking of the wire with spark formation where the presence of an 
explosive mixture is very likely. Water.s,'"’'’ in 1943, did not include metallic 
intercoupling in his reported technique, but advised continuous contact between 
anesthetist and patient. Horton” advocated, in 1939, the use of intereoupling 
to reduce the hazard of explosion from electrostatic discharge. The chief objec- 
tions to intereoupling were met by asing conductoi-s having high resistance. 
These objections were due to the increased hazard from electrical shock, in the 
case of an accidental connection between the patient and the lighting circuit, 
and the increased energj- which would bo associated with any electrostatic spark 
from a bod 3 ’’ not a part of the intercoupled sj'.stcm. A resistance of 100,000 
ohms, he foimd, will limit the current resulting from contact with the lighting 
circuit to about 1 per cent of the amperage necessary to constitute a danger. 
“A condiictor having a resistance of one megohm,” he Avrote, ‘‘Avill equalize anj’’ 
charge Avhieh miglit produce a sparking potential as rapidlj’" as it can be estab- 
lished.” Woodbridge, Horton, and Connell,^* included in their published tech- 
nique, in 1939, the use of resistance intereoupling, as did AViggin^^ in 1940. 

In 1941, Horton^^ again recommended the practice of high resistance inter- 
coupling; he stated further, at this time, that grounding of the intercoupled 
sj'^stem was beneficial. An estimate o'f the efficiencj’" of the high resistance inter- 
coupler ill actual use was gwen bj^ this author, ivho ivrote, in 1941, the following : 
‘Experience during the past year or more, in a large number of operating rooms, 
has disclosed nothing to indicate that the intercoupler fails to function exactlj'^ as 
intended. There have been no reports of discharges of sparks of the tjqie it was 
designed to eliminate. There liaise been no reports of anj"" fatal explosion during 
anesthesias protected by it. In fact, of 19 explosions during the 1939-1940 sea- 
son, only one occurred in the presence of an intercoupler. This particular ex- 
plosion is believed to hai^e resulted from a spark of the tjqie . . . against ivhich 
the intercoupler is known to offer no protection.” Referring again to the 
advisability of grounding the intercoupled group, he ivrote : “As a more perma- 
nent and exclusii’^e method of intereoupling, an electricalty conductive floor is 
ideal. ’ ’ Jlaity Avriters have indicated that the floor and the air are, if rendered 
conductive, Auiiversal intercouplei’s, equalizing potentials on all objects in con- 
tact AAfith them. It has been shoAAm, however, that even conductive rubber soles 
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become insulated after a few steps on a powdered surface. Horton”* favored 
grounding the conductive floor, since, the object of intercoupling being the 
maintenance of CA'ciything in the room at one potential, and it being necessary 
that some objects be at ground potential, all objects .should be at ground 
potential. He de.scri])ed four types of conductive flooring: (a) the embodying 
of metal strips in a terrazzo or tile floor; (b) conductive rubber flooring; (c) 
a laminated floor, consisting of a layer of thin porous tiles covering a thiclniess 
of cement, in whose upper surface a copper .screen is incorpoi-ated ; (d) calcium 
chloride treated tile or terrazzo floor. Spai'ks may be struck from tile, he 
pointed out, by iron or steel which may be present in shoes or metal furniture. 
Shoe soles of ordinary rubber, Horton stated, are dangei’ons; the resistance of 
leather may vary from 10,000 ohms to 10 megohms; conductive rubber is ideal 
for this purpose. Furniture in the operating room, he continued, should make 
contact with the floor through eastei's, feet, or crutch tips embodying conductive 
rubber or bronze (sparkle.ss) drag chains. He wrote that surgeons’ platfonn.s, 
being insulators, are dangerous and .should be coupled to the floor by feet 
of metal or conductive rubber. The patient should be directly connected to the 
table, for, as he warned, “in .spite of all the conductive flooring and drag chains 
which may have been installed, the patient lying on the customary (operating 
table) pad is as completely isolated, electrically, as though he had been 
levitated.” LeeEoy and Sword* suggested, in 1942, that charges may be built 
up too large for rapid dissipation to ground or intereoitpled s.vstem, by the 
nioHng about i]i the operating room of charged bodies, and sti'cssed the impor- 
tance of the slogan : ‘ ‘ Stand clear of anesthetic apparatus. ’ ’ 

It is well known that substances differ widel.v in their ability to generate 
electrostatic ehai’ges. Horton-* advised, in 1941, that removing a fabric ease 
from a rubber pillow be prohibited in the operating room or in any room in 
which anesthesia apparatus is kept. The danger of static spark is due almost 
entirely, he wrote, to the presence of rubber and fabrics in the operating room. 
He recommended that the use of wool, silk, and silk substitutes (excepting 
undergai-ments) be prohibited. Rubber gloves and silk stocldngs, he felt, are 
not verj^ dangerous as they maintain close contact with the bodj’’ of the wearer. 
Woodbridge, Horton, and ConnelP* warned, in 1939, of the danger of having a 
cushion on the anesthetist’s stool. 

The use of conductive rubber throughout the anesthesia apparatus to render 
the machine conductive throughout, as well as on the furniture feet and shoe 
soles, has been recommended by many writers. Henderson*^ advocated the use 
of conductive rubber in 1930. Parrand'*- showed, in 1939, that the use of 
grounded conductive rubber prevented the accumulation of any readable 
potential on a breathing bag. ConneU*^® felt, in 1939, that using conductive 
rubber would safeguard the apparatus as a generator of static spark. New- 
comer*^ recommended, in 1940, the construction of a conductive rubber mat to 
be placed under the operating unit, the wearing of conductive rublmr soles, and 
the use of conductive rubber in the anesthesia apparatus. 

Wetting the various nonconductive or rubber parts of the anesthesia ap- 
paratus in an attempt to render them more conductive has been suggested by 
many authors. ConnelP® advised, in 1939, washing rubber tubes and bag with a 
calcium chloride solution to render the rubber conductive. Woodbridge, Horton, 
and Connell,^* in 1939, suggested the value of wetting rubber parts before use. 
Horton^* recommended, in 1941, rinsing all rubber parts used in anesthesia, with 
the exception of those touching the patient’s or anesthetist’s body, with a 2 per 
cent solution of calcium chloride. 
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Slocnni and I'diivold"'’ staled, in 1944, lliat ionization of tlic air causes the 
aimospherc to become a lo\v-}irade conductor, with subsecinent e(iua1ization of 
electrostatic charges on all objects within tlic area of ionization. They had de- 
termined that a minimum of l.tlTa volts was required to explode a 25 per cent 
concentration of cyclopropane in oxygen; they set out to ionize the air to sucli 
an extent that tlie potentials of no bodies in llie area concerned could dilTcr by 
this amount. They investigated eight methods of ionizing air: (a) sliielded 
open flame, (b) corona di.seharge, (e) ultraviolet light, (d) ion generator, (e) 
radioactive paint, (f) roentgen rays, (g) grenz rays, (b) radium emanations. 
Of these, the use of radium was the only method adaptable for use in the o])erat- 
ing room wliicli was safe and eflieient. “At a distance of six feet,” they wrote, 
“40 me. of I’adon will decrease the static charges on all ob.iects or ])Ci‘Sons to 
less than ignition potential within a few .seconds. Working time of the operating 
room personnel who stay within a six-foot radius of 40 me. of radon must be 
limited to eight hours.” Woodbridire, Horton, and ConnelP’ had previously 
warned (1939) that the production of ozone must be guarded against when the 
air in the operating room is being ionized, as both ozone-cthylcnc and ozone- 
cyclopropane mixtui'cs ai'c spontaneously combustible. 

Aeeoi'ding to Greene,® ether-air is the only inflammable anesthetic that can 
be used safely in the absence of static ]n-eeautions. 

Several investigators have attempted to .solve the problem of anesthetic 
explosions by avoiding the use of combustible mixtures. Nitrous oxide and 
pentothal, used separately or together, have been advocated by many as the 
drags of choice in the pre.senee of any obvious source of ignition. Greene®^ 
advised, in 1941, that only noncombustible anesthetic agents be used in the 
presence of x-ray apparatus. “Our study” (the committee appointed, in 
1937, by the American Society of Ane.sthetists to studj' the problem of anesthetic 
fires and explosions), he wrote again® in 1941, “forces us to conclude with the 
bold statement: anesthetic fires and explosion.s ignited by diathenny, like those 
due to x-ray apparatus, are completely preventable only by the use of noneora- 
bustible anesthetic methods.” 

Attempts have been made by several Avriters to create mixtures of com- 
bustible gases, particularly cyclopropane, ricli enough in cyclopropane and 
oxygen to be anesthetically potent and safe, yet I’cndcred non combustible by the 
addition of other gases. Jones, Kennedy, and Thomas®® found (1940) that 
dilution Avith inert gases had little effect on the loAver limits of inflammability of 
cyclopropane in air or in oxygen, but had a marked effect on the upper limit. 
Three inert gases Avere tested; carbon dioxide, helium, and nitrogen. Carbon 
dioxide proved to be the most efficient flame quencher, but is physiologically too 
active to be used for this purpose. Tlic flame quenching properties of nitrogen 
and helium are about the same. The flame quenching property of a gas, they 
stated, depends on its molecular heat capacity and on its thermal conductivity ; 
helium’s heat capacity is Ioav, but its thermal conductivity is very high. It can 
be breathed Avith less effoi’t than nitrogen, they pointed out, a distinct advantage 
Avhen the oxygen content is loAvered. According to CoAvard, Cooper, and Jacobs," 
they stated, another adAmntage of using helium is the fact that mixtures of 
gases in AA'hich helium is present cannot be as easily ignited by electric dis- 
charge as can mixtures containing the same concentrations of other inert gases. 
While potent noninflammable mixtures can be thus created, they Avarned that 
adding air or oxygen Avould make them explosive, and that a leak might thus 
cause a combustion; the violently explosive mixtures, hoAvcA’^er, are avoided. 
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Jones and Thomas®^ offered, in 1941, a technique of administering anesthesia 
with such noncomhustible cycloproi}anc-oxygen-]ielium mixtures. Tlicj" stressed 
the importance of not flushing the patient with oxj-gen at the end of anesthesia, 
because of the danger of returning tlie mixture into tlie explosive range. It 
seems, however, that breathing room air would tend to achieve the same result. 
Gri’iffith^^ advised, in 1931, that carbon dioxide, being a fire cxtingui.sher, be 
used to flush out all gas machines after u.se. Jones and Thomas”® admitted 
certain difficulties encountered in their attempt to eliminate the explosive hazard 
by diluting the mixture with an inert gas, due to (a) the variable oxygen needs 
of different individuals, (b) the sudden change in all concentrations attending a 
leak, and (c) the difflcultj^ attending the determining of the concentrations of 
oxj'gen in the apparatus. AVriting in 1943, these same authors”’' maintained 
that the practice of adding nitrous oxide to ether-oxygen mixtures, in an attempt 
to render the mixture noncombustible, is harmful rather than advantageous, 
since, as thej’’ showed, the lower limit of inflammability of ether in oxygen is 
further lowered by the addition of nitrous oxide. They were unable to And, 
during the coui’se of further experiments, any ether-nitrous oxide-oxygen mix- 
tures that were both noninflammablc and suitalfle for anestlietic puiqmses. 
Clinical experiments, in which samples of ether-nitrous oxide-oxygen mixtures 
being given by different ancstlietists Averc tested, shoAved that almost all mix- 
tures used AA'ere explosive. The addition of helium, they stated, is of no value 
in eliminating the explosive hazard of these mixUires. The explosivene.ss of 
ether-oxygen mixtures and the danger iiiA'olved in adding nitrous oxide to ether- 
air and ether-oxygen mixtures Avere mentioned in an editorial of the British 
Medical Journal in 1936.”” Haas, Hibshman, and Eomberger”” Averc able, in 
1940, to produce cyclopropane mixtures that AA'ere iionexplosive and aneslhetieally 
potent, by adding air to cyclopropane-oxygon mixtures. The mixtures they 
ari'ived at Avere similar to those tested by Jones, Kennedy, and Thomas,®” who 
diluted cyclopropane-oxygen mixtures Avith helium ; Haas and his colleagues 
used nitrogen instead of helium, and Avcrc able to do this by simply adding room 
air to the breathing bag by means of an attached bulb. They shoAved, by meaJis 
of a flammability gi’aph, that all such mixtures Avere nonexplosive if they con- 
tained no more than 20 per cent of cyclopropane or no more than 1114 per cent 
of oxygen; the graph shoAved, hoAvcA'cr, that mixtures richer in both cyclopropane 
and oxygen could be used Avithout danger of explosion. Means of accurately 
creating such mixtures and devices for rapid analysis of the mixtures seemed 
to be desirable. Horton”" stated, in 1941, that adding an inert gas or even an 
explosive gas to a mixture of another explosiA'e gas and oxygen may result in a 
mixture that is anesthetic, nonexplosive, and Avith a sufficiently high oxygen con- 
tent. He cited tAvo mixtures : the fii-st containing 20 per cent cyclopropane, 50 
per cent ethylene, and 30 per cent oxygen, for deep anesthesia; the second con- 
taining 10 per cent cyclopropane, 65 per cent ethylene, and 25 per cent oxj'gen, 
for light anesthesia; in either of these mixtures is the dilution obtained by the 
use of an inert gas. Cooper”” stated, in 1939, that oxygen concentrations must 
be reduced bcloAv 10 per cent to prevent explosions, so that the addition of inert 
gases to explosive mixtures to reduce the oxj'gen concentration to a point AA'here 
explosions cannot occur would not be practicable. Greene,® in 1941, clreAV atten- 
tion to his being unable to find any static explosion of cyclopropane-air; there 
Avere tAVo explosions, hoAvever, of cj'clopropane-oxygen-helium mixtures. Lee- 
Roy and SAVord,^ in 1942, decried the practice of diluting the anesthetic gas mix- 
ture Avith inert gases; they considered it difficult to estimate the amounts of 
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nnesllictic agent, oxygon, and inevt gases to maintain a jiropoi' degree oi narcosis, 
avoid hypoxia, and secure a nonexplosivo inixlure. Creeno'’ simkc, in 1942, 
o£ the “relative harinlcssncss wliieh is assoeialod with the combustion of any 
anesthetic mixed with air.” 

At least one attempt has been made to jn'otect the ]ia(icnt by shielding him 
from the explosion that may occur despite attention to ignition and to the inflam- 
mability of the mixture. ITornor and Gardinier,"'' working with ethylene (1928), 
were able to intcrcei^t explosions experimentally. They constructed a mask 
incorporating a cylinder containing (a) fine mesh screen wire, (b) a by-pass, 
and (c) a valve which was elo.sed, automatically, by the force of the explosion, in 
about %ooo of ^ second; they estimated the maximum rate of propagation of 
ethylene-oxygen ex])lo.sions to be 2.ii00 melons oi- V/o miles per second. This 
device, obviously, could protect the patient only from an explosion originating 
in the machine. 

Salzer''" described, in 1927, a method of removing spent ethylene-oxygen 
mixtures from the operating room. Cheney,"’’ in 1929, advocated the use of 
copper screens to prevent the ))ro})agation of ethylene explosions and the use of 
a ventilating device to remove all escaping ethylene mixtures from the operating 
room. The closed rebreathing tcehni<pie, ]iopularizcd by Waters, has, of course, 
done much to eliminate the possibility of c.seapc of large amounts of explosive 
mixtures. 

The matter of leaks has received considerable attention. Bromi-® stated, in 
1924, that the possibility of explosion when ethylene was allowed to escape was 
“only in the remote realms of possibility.’’ Tyler, i)i discussing an article by 
Woodbridge, Horton, and Connel],=” in 1939, attributed to Connell the statement 
that diffusion is so great that cyclopropane leaking at a rate of 4 L. a minute 
will not explode four or five inches from the leak. Connell asserted,"® in 1939, 
that gas diffusion is sufficiently rapid to rcndei- difficult, experhuentally, flash 
backs from open flame six inches from the spillway ; in the ease of liquid ether, 
however, flash backs can occur from several feet away. Knight"® has been un- 
able to obtain an explosive mixture at a distance of two inches from an open 
leak of 500 c.c. per minute of a Imown explosive mixtin’e of cyclopropane- 
oxygen. Greene® collected 10 cases in which ether, ethylene, and cyclopropane 
have been ignited more than twelve inches from the neai’est leak, but could find 
no fatality caused by the presence of cautery or flame outside a twelve-inch 
radius surrounding the upper respiratory tract. In reviewing 57 fires and ex- 
plosions caused by flame or cautery, he wrote, “all deaths — and all were patients 
— ^liave been the I’esult of a flame or cautery employed within a twelve-inch 
danger zone surrounding the upper respiratoiy tract.” “Dr. Squibb,” 
McCardie wrote, “has seen ether take fire at a measured distance of fifteen 
feet between the source of escaping vapour and the source of fire”; the direc- 
tion of escaping vapor was not mentioned. Tweaks of ethylene have inspired many 
comments on the fate of this gas, whose density approximates that of air, in the 
operating room atmosphere. Rovenstine"" has quoted Waters to the effect that 
ethylene floats in strata, and that static explosions always occurred within the 
apparatus, not without. Guedel,^® Davis,’® and Sise'*® believed, too, that ethjdene 
can float in combustible layers in an operating room. Brown,®® Jones,’® and 
Phillips” stated, however, that ethylene diffuses rapidly because of its lightness, 
to subexplosive levels. 

Wineland and Waters’* shoAved that true diffusion of gases takes place 
through intact rubber. Ten liter bags filled with various gases lost, in forty- 
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eight hohrs, the following weights, approximately : oxygen, 0.32 Gm. ; ethylene, 
1.00 Gm.; carbon dioxide, 4.68 Gm. ; nitrous oxide, 7.00 Gm. Starting weights, 
apparently inclusive of the bag.s, ranged from about 112 to 192 Gm. The dif- 
fusion into the bags of the various components of the room air does not seem to 
have been considered, despite the fact that on one occasion, one of the bags 
gained in weight ; the order of diffusion rates would not apjmar to be affected, 
however, these rates do not seem great enough to contribute to the danger of 
explosion. Flagg, in 1937, recommended the practice of aspirating, into a 
small rubber syringe, the atmo.sphere overlying the operative field where the 
cauters' is to be used; the contents of the syringe are then blown into the flame 
of an alcohol lamp. The cauteiy is believed to bo safe if no change occurs in the 
color of the flame. 

That explosions can occur without ignition has long been i-eeognized. 
Greene® divided the cases of fire and explo.sion, due to the high pressui’e under 
which anesthetic gases are stored, into three groups: (a) the sudden release 
of pressure into insufficiently protected parts of the apparatus; (b) “the passage 
of oxygen at high speed over combustible material, such as oil or a leather 
washer’’ ; (c) mixing nitrous oxide and ethylene under pressure. Spontaneously 
combustible ozone mixtures have been mentioned. Sise'"’ .stated that a mixture 
of ethylene and oxygen at high pressure may explode spontaneously. 

The inflammability of the patient’s breath has been discussed by many 
writers. Pinson asserted,'® in 1930, that air exhaled two or three minutes after 
the tennination of an ether anc.sthe.sia contains too little ether vapor to ignite. 
Williams,'^ in 1930, and Living.stone and co-workers,® in 1939, warned that the 
patient’s breath may remain explosive for some time following an anesthesia, 
so that precautions even on return to the I'oom or ward would be neeessarj’. 
GuedeP® maintained, in 1937, that the breath is noninflammable six or eight 
j?', / minutes after the tennination of cyclopropane anesthesia; ConnelP® stated, in 
1939, that the patient’s lungs and the gas apparatus can be made free of 
ignitable gas in approximately two minutes by using a high flow of a noncom- 
bustible mixture and emptying the breathing bag several times. 

Although the closed, rebreathing teclinique has done much to lower the 
explosion hazard, Greene® collected reports of 18 explosions occurring during 
anesthesia administered by this method; tliese were attributed to breaking the 
circuit, favoring static spark formation and liberation of an inflammable mix- 
ture. 

WHAT IS BEING DONE? 

The role of the manufacturer of anesthesia apparatus includes, according to 
Connell,®® the reduction of the possibility of ignition from mixture of com- 
bustible gases under high compression by furnishing an individual reducing 
valve for each cylinder, the use of nonsparking metals, gas-tight connections, 
and the construction of a central spill valve (to direct the flow of discarded 
gases away from the operating table and .electrical equipment). 

Precautions to be taken by the anesthetist would include; (a) the avoid- 
ance of combustible agents in the presence of ob^’ious hazards, such as the 
cautery;®’^’ (b) eliminating the practice of washing out patient and apparatus 
ndth oxygen following an anesthesia;*®'^®’"® (c) the use of caution in spilling 
gas; (d) the employment of the intercoupler®*’ ®®’ ®*’ ®®’ ®* or the maintaining of 
continuous contact by the anesthetist rvitli patient and machine®®; (e) use of the 
rebreathing technique®®; (f) washing tubas, bags, and mask with water or 
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calcium cliloridc sohilion (g) climiiialion of uniiccc.ssavy, siiddon move- 
ments by the anesthetist, and of iiniieccssaiy adjust ineiits of the mask. 

The duties of the hospital have been stated by vavious WTitcre to include; 

(a) the installation of safe light. s, s\vitchc.s, and electrical wiring (the three- 
wire system) ; (h) the maintenance of a liigli Inimidity in tlic operating 
room;'*’’ (c) the proliihition of wool, silk, and ordinary ruhher; 

(d) the hanning of visitoi’s from the area .surrounding the anestlietic apparatus’ ; 

(e) hanning of open flame, cigarettes, etc., from the operating room; and (f) 
the construction of a grounded, conductive floor.'*' 

The following is a list of some of tlic devices and practices recommended 
in the articles reviewed. 

1. Safety Aviring (thrce-A\’ire type)^’ 

2. SAA'itches 

(a) mcrciuy (vaporproof)’® 

(b) same, AA’ilh pilot light 

(c) outside operating room’® 

3. Elewated electric outlets 

4. Grounding3=> ®®' 

5. Intercoupling 

(a) complete*®’ 

(h) resistance-’’ ®’’ '’® 

6. Ventilation 

(a) alone®” 

(h) AA'ith humidification’* 

7. Wire screens 

8. Humidification’®’ ’■*’ ®’> ®®’ *'< 

9. Banning of aa’ooI and silk®’ 

10. Sparkproof motors” 

11. Grounded floor plate’®’ ®® 

12. Conductive flooring’®’ ®’’ ®®’ *’ 

13. Conductive rubber*’’ *® 

14. Dilution of mixture 

(a) Avith inert gas®®’ ®® 

(b) Avith inflammable gas®’ 

15. Nonsparking metals®’’ ®“ 

16. Elimination of flame, cautery, smoking, x-ray, faulty instruments, etc., 

in the presence of a combustible gas®’ ’® 

17. Alertness® 

18. Bebreathing technique®’ ®’’ *’• '’® 

19. Intercepting A’alve®” 

20. Keeping visitors aAvay from apparatus’ 

21. Large rooms, to prevent brushing of people against equipment and 

each other 

22. Continuous contact Avith hand and mask before beginning and during 

anesthesia®’ 

23. Banning of ordinary rubber soles and metal shoe spikes®’ 

24. Ionization of air®® 

25. Rinsing tubes and mask 

(a) AA’ith water®’’ ’® 

(b) Avith calcium chloride solution’® 
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26. Wasliing floor with calcium chloi’ide solution^- 

27. Eliminating ordinary ru1fl)er in the operating room-' 

28. "Washing ont machine with carbon dioxide at end of ane.sthesia''’ 

29. Wet flowmeters 

30. Turning on cylinder valves slowly*® 

31. Blowing off some oxygen when starting a new cylinder"*® 

32. Keeping nitrous oxide and ethylene on separate machines,®® or if on 

same machine, never opening both cylinders at one time'® 

33. Avoidance of unnecessary movements by the anesthetist and of frequent 

' adjustments of the mask 

34. Endotracheal technique'® 

WHAT DOES THE FUTURE HOLD? 

Griffith" cited, in 1931, Henderson’s statement to the effect that the dis- 
covery of any new nonexplosive gases was unlikelj’-, and that the solution lay in 
humidification rather than in a search for a noncombustible anesthetic gas. 
Jones and Thomas,®® in 1941, expressed their belief that the solution to the 
explosion problem in anesthesia lies in avoiding the use of explosive mixtures, 
that "mixtures containing 20 per cent cyclopropane and SO per cent oxygen, 
now commonly employed, are so violently explosive that their use should he 
discouraged. ’ ’ 

It is significant that, despite the numci’ous precautions recommended and 
undoubtedly practiced in connection with the problems of explosions in anes- 
thesia, Haas, Hibshman, and Eomberger®® could state, in 1940, that "there has 
been no apparent decrease in the number of explosions." 
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CYCLOPROPANE— A PERSONAL EVALUATION 

Ralph IM. Waters, M.D., Madison, Wis. 
f.\ (From the Department of Anesthesia, Medical School, University of Wisconsin) 

I ANESTHETIZED the first patient with cyclopropane on Oct. 9, 1930. Prom 
then until Sept. 1, 1944, this gas has been used as the major agent to 
anesthetize about 25,000 patients at Wisconsin General Hospital. It has been 
used as the induction agent and as an adjuvant in many additional adminis- 
trations. For all these, I have been personally responsible, although actual 
administration has been conducted by others of skills varying from that of the 
fourth-year medical student to that of my associates with years of experience 
in clinical anesthesia. IMy confreres in the departments of surgery, pharma- 
cology, and physiology as well as in the department of anesthesia have co- 
operated in the study and evaluation of the advantages and disadvantages of 
this agent. Their experimental findings, clinical impressions, statistical evalu- 
ations, and personal conclusions as well as my own have been published at 
various times.’'®“ 

I shall attempt to state my present personal impressions as to the value 
of cyclopropane in the anesthetist’s armamentarium. This opinion will be 
based largely upon personal experience in the operating rooms, influenced by 
the experimental findings at the University of AVisconsin and elsewhere when 
these have been verified by clinical observation. A regrettable repetition of 
personal pronouns seems necessary in such a discussion. It will be taken for 
granted that the reader is familiar with our former publications and there- 
fore only those present opinions will be emphasized Avhich are at variance with 
those previously expressed. 


Received for publication. Oct. 2, 1944. 
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Dosage, Oonccnh'aiion, Premedication. — Some r)f our former pnblicnlioiis 
failed to give proper weight to nn earlier (inding; namely, that previous ad- 
ministration of morphine to dog.s redueed by 12 per cent the concentration of 
cyclopropane required to produce a given amount of depression.^ The admin- 
istration of morphine, barbituric acid derivatives, scopolamine, and atropine 
to normal persons convinced us that adequate “drying” and sedative effects 
could be secured with much smaller doses of these agents before anesthesia 
than Ave had been using.”’*^’’ With markedly less ])remedicalion (one-quarter 
to one-half the doses formerly used) higher concent rat ions of cyclopropane 
can be employed without encountering too great depression of respiration. 
The importance of this fact will ai)pear later. Tlie cxli'cmc ]>o1eney of cyclo- 
propane, plus the rapidity with which the cojicentration of such a gas can be 
built up in the blood and tissues.'' inci’cases the technical danger of “over- 
running” the. dosage past the optimum point of effect for satisfactory anes- 
thesia and into the realm whore essential physiologic functions (such as respi- 
ration) are depressed or abolished. Obvioiusly, adcqiiatc ventilation of the 
alveolar spaces is essential if control of saturation and desaturation of the 
tissues is to be maintained. 

Respiration anel Abdominal Relaxation. — Certain mu.scles of the abdominal 
wall are, at least accessory, muscles of respiration, l^rtunately, the function 
of breathing resists depression by anesthetic drugs. Othcrwi.se embarrassment 
to the anesthetist during their administration would be even more frequent 
than it is. In another sense, however, this is rinfortunate because the margm 
betAveen flaccid relaxation during operations in the upper abdomen and total 
paralysis of all the muscles of respiration is very narroAV. Hlany of the older 
inhalation agents in moderate dosage tend to increase the activity of the mus- 
cles of respiration. Cyclopropane lacks this quality. ITenee, in the case of 
cyclopropane, the margin betAveen the point of partial paralysis of respiratory 
muscles necessary for relaxation of the upper abdomen and respiratory arrest 
is narrower. Dosage of cyclopropane miAst, therefore, be increased Avith the 
greatest care in the approach to relaxation of the upper abdomen lest the 
desired concentration be exceeded, resulting in Amntilation Avhich is inadequate 
to produce further saturation or to maintain the relaxation that has already 
been secured. Obviously previous depression of respiration by other agents 
is undesirable. If the anesthetist does not possess the necessary patience, skill, 
and mechanical equipment to accomplish a gradual saturation to the point of 
adequate relaxation without too much effect on respiration, he must resort 
to other means. Either he must supplement the administration Avith another 
agent, as for example ether or procaine, or he must resort to the use of arti- 
ficial means of ventilating the lungs, abandoning dependence upon natural 
breathing for the time being. The latter course (the control of respiration by 
the anesthetist) has, in my estimation unfortunately, come to be utilized all 
too frequently. It is true that relaxation can thus be improved. Controlled 
respiration has the further advantage of placing movements of the diaphragm 
and the lungs under the control of the anesthetist. Pie may then in certain 
cases coordinate these moAmments Avith the steps in technique of certain opera- 
tions (for example, on the lung or diaphragm) in a manner to simplify the 
surgeon's Avork. In such cases, controlled respiration- is amply justifiable. 
Artificial Amntilation is ahvays better than inadequate natural breathing. Hoav- 
ever, if I am forced to use controlled respiration AAdth e3='clopropane solely for 
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the purpose of securing proper muscular relaxation, I do so with an admission 
that I have failed in patience, shill, or mechanical control in the technique used. 
“Good anesthesia” oxight not to deprive a patient of so essential a function 
without a very good reason. 

EFFECTS ON THE CIRCULATORY SYSTEII 

A decrease of pulse rate from 120 beats per minute to 70 was oliserved 
when cyclopropane was administered to the first patient in 1930. The rate 
returned to 120 after the cyelopx-opane had been discontinued. In nearly all 
the patients skillfully and deeply anesthetized since then, the pulse I’ate has 
been betAveen 60 and 70. During our early studies, intentional overdose suffi- 
cient to stop respiration, Avas administered to both dogs and patients on a 
good many occasions. Although arrhythmia Avas produced on some occasions, 
the appearance of these animals and patients Avas rarely alarming. Tavo series 
of comparative electrocardiographic studies Avere then initiated,^’ ^ one AA'ith 
dogs and one Avith patients. In order to eliminate the effect of inadequate 
A'entilation (excess of carbon dioxide and deficiency of oxygen), controlled 
respiration Avas instituted in all these studies before doses had been reached 
AAdiich Avould decrease ventilation. Indhudual variabilily Avas found but the 
fact Avas established that a direct relation exi.sts betAveen the concentration of 
cyclopropane and the occurrence of an-hythmia. It Avas also established that 
the effects on cardiac rhythm are usually rcA'crsible as soon as the concentra- 
tion in the tissues is decreased. These conclusions persist after reconsideration 
forced upon us by statements of other Avorkers. Suggestions that adjuvant 
medication (ether, barbituric acid derivatives, procaine, etc.)^®’ or fur- 
ther saturation Avith cyclopropane®' ai’e proper practical means of eliminating 
arrhythmia have not received support from my clinical observation. It seems 
safer and Aviser to avoid arrhythmia AA'hen possible by using a conserAmtive 
approach to the loAvest effective concentration and to treat arrhythmia, AA'hen 
it occurs, by prompt reduction in the concentration employed. AVe continue 
to use scopolamine but in smaller doses than formerly and for a different pur- 
pose. It may or may not provide some protection against arrhythmia. 

The question ai’ises as to A\diether cyclopropane should be administered to 
patients suffering from diseases of the circulatory system. Such patients tol- 
erate poorly physiologic insult of any sort. The abnoi'mal pressure relations 
created by respiratory obstruction, the effects of lack of oxygen, of extreme 
changes of position, of loss of fluid, and all the other hazards of operation and 
anesthesia are exaggerated in the presence of cardiac disease. Protection from 
errors of technique is doubly important for such patients Avhatever the agent 
used. I personally haA'e not avoided the use of cyclopropane in the presence 
of circulatory disease. The clinical impression gained has been that such pa- 
tients are not more susceptible to specific damage from the effect of this drug 
than are other patients Avith normal circulatory systems. 

AUTONOMIC EFFECTS 

Considerable CA'idence has accumulated in support of the belief that cyclo- 
propane hyperaetivates certain of the autonomic mechanisms.®®’ ®® Bronchial 
constriction has been observed. Certain occurrences during cyclopropane anes- 
thesia have been explained as due to an oversensitive sinoaortic or vagal 
mechanism AA'hich has even caused cessation of breathing and of the heartbeat. 
Considerable thought has been devoted to an analysis of our OAvn clinical ex- 
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pevienco in iiiis rogard. After oliininating tlie effects of medication with other 
drugs (opiates, barbiturates, and the atropine group), our present opinion is 
that variable hyperactivation of the autonomic reflexes may occur in some 
individuals during insufficiently profound anesthesia with cyclopropane and 
intensified by the agent. From a practical standpoint, three, methods seem to 
have been useful for the ])revention of such reactions : 

1. Premedication with .scopolamine or atropine. Scopolamine in moderate 
doses, I think, has been reasonably ctTeetivo. 

2. The administration of nitrous oxide anesthesia as an accompaniment of 
cyclopropane has appeared to have prophylactic value. When such a retlex 
has been elicited, a short period of rcvor.sion to nitrous oxide has on certain 
occasions seemed to relieve the condition, ])ermitting a later return to cyclo- 
propane anesthesia. 

3. Papid induction with nitroris oxide-oxygen and cyclopropane to second 
plane anesthesia in prefei'enoe to a slow induction with cyclopropane in oxygen 
as a vehicle has seemed to decrease the oceui‘i-enee of such reflexes. Hj’poxia 
should, of course, be serupulou.sly avoided. If one can anticipate the applica- 
tion of a stimulus to such deep reflexes as tho.se originating in the 7nedia.stinum 
or upper abdomen, T believe that he can produce profound enough anesthesia 
with cyclopropane to prevent the embarrassjuent. 

THE RRSPIRED ATMOSPHERE 

Experience of many years in the administiution of agents by inhalation 
supports the following general principle. For "normal” persons, the concen- 
tration of oxygen in the anesthetic atmosphere should resemble that to which 
they are accustomed. ‘When the mechanism of the patient for the transport 
of oxygen is defective, excess of oxygen should be limited to that which will 
compensate adequately for the deficiency in transport. Any great excess of 
oxj'gen over the 20 per cent normally aA'ailable tends to permit us to overlook 
inadequate ventilation. Such an excess interferes with transport of carbon 
dioxide and a "pink” patient may suffer from considex’able physiologic em- 
barrassment. The tendency to disturbance of acid-base balance in modern 
anesthesia is often due to attempts to keep a patient pink Avith added oxygen 
in the presence of depressed or obstructed breathing. Maintenance of atmos- 
pheres during anesthesia, at or near the ixormal content of oxygen, will help 
to prevent this mistake. Inadequate exchange or obstruction Avill thus resixlt 
in the Avarnings (for example, changes in pulse rate, blood pressure, breathing, 
color, etc.), and the condition aviH more likely be corrected. Of course, if 
depression or obstruction of respiration cannot be remedied, atmosphere en- 
riched Avith oxygen is preferable to persistent hypoxia. Such a procedure, 
hoAvever, often corrects only a part of the abnormality. When considerable 
enrichment of the respired atmosphere with oxygen has been deemed neces- 
sary during anesthesia, it has proved helpful to reduce the oxygen gradually 
as the end of operation approaches so that the reaction of the patient may 
be observed. 

Carhon Dioxide Absorption Technique. — Since cyclopropane does not in- 
crease respiratory exchange, the importance of properly adjusted absorption 
technique is easily neglected. Saturated soda lime, excesshm dead space be- 
tu'een the-patfeint and the soda lime and excessive depression Avith nonAmlatile 
drugs are alT dangers Avhich, if OA'erlooked, may result in serious physiologic 
disturbance. Unless the administrator is familiar Avith the physiologic basis 
of anesthesia, he aauII do Avell to use a technique other than carbon dioxide ab- 
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sorption and an agent other than cyclopropane. It ought always to be kept 
in mind that anesthetic apparatus, including tliat designed for carbon dioxide 
absorption, has usually been devised for use with normal adult individuals. 
In dealing Avith the very Aveak and ill and particularly Avhen anesthetizing 
children, the dangers of this technique are intensified. Unless specially ar- 
ranged equipment caiA he used in such cases, cyclopropane had better he admin- 
istered by an open method if at all. 

Effects of Hot Weather. — Since no neAV facts have been deteianined since 
our earlier reports, it remains important to appreciate the dangers inherent in 
the accumulation of heat and moisture in the closed atmosphere. The changes 
i-esulting, perhaps from one of these factors, appear to hypersensitize the pa- 
tient to the effects of accumulated carbon dioxide. Contrary to the belief of 
some anesthetists, absorption technique rarely accomplishes complete removal 
of cax’bon dioxide from the inspired atmo.sphere. When anesthetizing a patient 
suffering from fever on a hot day, the slightest muscular tAvitehing or other 
abnormality should he sufficient reason for abandoning “carbon dioxide 
absoiTAtion. ’ ’ 

The Hazard of Fire and Eicplosion. — ^Not only does the use of excessive 
percentages of oxj^gen predispose to the occurrence of unphysiologic condi- 
tions, but it also produces an atmosphere Avhich can be ignited A\'ith less heat. 
Although judicious use of absorption technique .should eliminate the fire haz- 
ard, AAdxatever the atmosphere contains, the less explosive the mixiure the 
better. In the 25,000 administrations mentioned, ignition of cyclopropane has 
taken place onlj'- once Avhen a bag and canister containing oxygen and cyclo- 
propane Avere carelessly dropped to the floor 

SUMMARY 

1. The relation of the potency of cyclopi-opane to the use of opiates, bar- 
biturates, and atropine-like drugs has been discussed. Necessity for limiting 
the dose of agents Avhich depress respiration in conjunction Avith cyclopropane 
has been stressed. The narroAV margin betAveen relaxation of the muscles of 
the upper abdominal Avail and those of respiration has been mentioned. 

2. The importance of skillful sIoav approach to maximum saturation Avhen 
arrmng at profound anesthesia for upper abdominal operations has been 
emphasized. If this fails, personal preference has been expressed for supple- 
mentation AA'ith intercostal block anesthesia, curare, or some other method 
rather than resorting to ‘ ‘ controlled respiration ’ ’ for the sole purpose of pro- 
ducing more profound anesthesia. Controlled respiration should, in my esti- 
mation, be reserved for occasions Avhen such conirol, synchronized Avith the 
.surgeon’s maneuvers, facilitates operative technique. Resort to it Avill prob- 
ably continue to be a temporary solution of unexpectedly difficult situations. 

3. A decrease in pulse rate to betAveen 60 and 70 has, in ray hands, been 
the usual accompaniment of Avell-conducted cyclopropane anesthesia. A marked 
and sudden decrease from this rate to beloAv 50 has been observed to precede 
a sudden tachycardia. Arrhythmia may be seen before, during, or after these 
changes. AVhen marked bradycardia, tachycardia, or arrhythmia occurs, a 
circulatory emergency is present and instant rapid desaturation should be 
begun, by artificial respiration if necessary. Dependence upon the prophy- 
lactic Amlue of adjuvants (ether, barbiturates, atropine, etc.) or the therapeutic 
Amlue of increasing saturation Avith cyclopropane appears, in my experience, 
to be unreliable and dangerous. 
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4. During very light cyclopropane anoslliosia. the autonomic reflexes in 
certain individuals arc liy])ei'ae.tive. llapid induction to second plane anes- 
thesia and the use of nitrous oxide as a vehiede during induction have seemed 
to reduce the frequency of adduction of the vocal eoi-ds. Ileflexcs induced by 
surgical trauma can usually be prevented by sufficiently profound anesthesia 
when produced before the stimulus is applied. However, exceptions have been 
observed. Scopolamine and atropine and perhap.s nitrous oxide may be u.seful 
prophylactically. 

5. It has been suggested that ano.sthctie atmospheres should, as nearly as 
possible, resemble normal atmospheres. Substitutions .should be made witli the 
welfare of the patient in view and then only .suflieient change ought to be made 
to accomplish the de.sired ctTeel. If technical facility and familiarity with the 
signs of hypoxia are lacking, oxygen as a vehicle is safer. 

6. Certain dangers inherent in the iise of the carbon dioxide absorption 
technique hff\'e been pointed out. 

7. jNIy experience of nearly fifteen years willi cyclopropane leaves me with 
the personal impression that this agent permits rapidity of control of the depth 
of anesthesia impossible with other inhalation agents. However, this very fact 
may rc.sult in unfortunate and di.sastrons rc.sults when ignorance or carcle.ss- 
ness accompany the administration. 
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(From the Division of Ancsthcsiotogn, Department of Surgery, 

The University of Minnesota Medical School) 

A t the University o£ Alimicsota Hospitals, due to the established ways of 
. referring patients to the hospitals and to the staff, and due to the system 
of selection oC admissions, it has come about that a larger than avei’agc num- 
ber of complicated or long surgical procedures arc carried out. It is perhaps 
of interest to report 1,000 consecutive operations which required anesthesia 
of three hours’ or more duration. 

In June, 1942, Grimm^ reported to the .staff 454 such consecutive cases 
ending April 27, 1942, and one year later Smith- reported an additional 385 
such eases in the following twelve months ending April 27, 1943. In this 
communication we have added the succeeding 161 cases to complete the 1,000 
and have consolidated them. In Table I we have .shown the number of each 
of the main groups of eases, the average ages in each group, and the average 
durations of anesthesia in each. 


Tadije 1 



AVEIIAOE 

AOK 

(YR.) 

NU.MIiEIl 

OK 

CASES 

AVERAGE 

duration 

HR. MIN. 

Brain 

.in 

32f) 

4 

3.3 

Other neurosurgery 

40 

79 

3 

35 

Chest 

25 

3S 

5 

13 

Gastrectomies 

57 

308 

4 

45 

Other gastrointestinal 

54 

25C 

4 

14 

Miscellaneous 

40 

195 

3 

37 

Total 


1,000 




Table II shows the preoperative conditions of the patients and indicates 
to a large extent how well the patients are prepai’ed for surgery. The figures 
of the three different collections are remarkably uniform but show a tendency 
toward an increase in the preoperatHe hemoglobin and plasma protein in all 
but the chest cases, in which there has been a decrease. 


Table II. Preoperative Conditions op Patients 



AGE 

(YR.) 

PREOP. 

BLOOD PRESSURE 

SYST. DIAST. 

hb. 

(gm.) 

PLASJIA 

PROTEIN 

(GJt.) 

Brain 

39 

108 

78 

13.16 

6.35 

Otlier neui osurgery 

40 

149 

73 

13.50 

6.70 

Chest 

25 

134 

75 

11.60 

7.10 

Gastrectomies 

57 

132 

75 

13.90 

6.70 

Other gastrointestinal 

54 

132 

71 

12.00 

6.90 

^liscellaneous 

46 

136 

76 

12:90 

6.50 


Table III shows the preoperatKe medication. Barbiturates were practi- 
eally^ not used at all. In the first series of 454 cases more patients in each 
classification received codeine than moi'phine. About five 3 mars ago one or 
of the surgical staff had had some bad results which were ascribed to 
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niorpliiuc so that morphine was interdicted in all brain cases, in all chest cases, 
and for all patients over 50 years of age. We still give no morphine in brain 
cases but other patients receive it in ijroportion 1o onr judgment of their 
vigor, etc. Some who received codeine were so evideiitly undermedicated that 
they were also given morphine intravenously upon arrival in the opei’ating 
room. In the earlier survey GO per cent received atropine and 40 per cent 
received scopolamine. Since then almost 100 per cent have been given scopola- 
mine, and we believe that it adds to the “don’t care’’ composure of the pa- 
tient and is more efficient iir controlling secretions. 


TABCE III. PUEMEDICATION' 



MOR- 

rnixi: 

co- 

BEINE 

ATRO- 

riKU 

SCOrOLA- 

MIKE 

BAItniT- 

AJBATE 

Brain 

12 

108 

47 

81 

1 

Other neurosurgorA' 

-13 

30 

n 

59 


Chest 

12 

20 

12 

21 


Gastrectomies 

304 

70 

73 

204 


Other gastrointestinal 

183 

70 

74 

' 178 


Aliscellaneous 

ICO 

15 

32 

ICO 

c 

Total 

720 

322 

249 

703 

7 


Table IV shows the anesthetic agents used. During the Avhole series the 
customs in anesthesia have remained much tlie same except that cyclopropane 
definitely increased, ethylene definitely decreased, and spinal anesthe.sia be- 
came much more largely used for the long abdominal operations. In the first 
series only 6 spinal anesthesias were given to the 155 patients ivith gastrec- 
tomies and 7 were given to the patients in the 127 other gnsti'ointestinal cases. 
In the following 153 gastrectomies, 143 spinal a7iesthe.sias Avere given, and in 
■] the folloAving 129 other gastrointestinal cases 109 spinal anesthesias Avere given. 
' The first spinal anesthesias for these long operations Avere administei-ed by the 
continuous technique but certain occasional inconveniences influenced us to 
change to the much longer lasting spinal anesthetic drug, nupereaine, Avith 
the single injection method. This proAudes spinal anesthesia for three hours 
or longer. 

Tabi.e IV. Anesthetic Acent.s 



cyclo- 

propane 

ethyl- 

ene 

ETHER 

PENTO* 

THAL 

SPINAL 

CURARE 

TRACHEAE 

TUBE 

NO. (%) 

local 

Brain 

102 

18 

C 

7 

0 

0 

119 

92 

0 

Other neurosurgerj^ 

77 

2 

2 

1 

0 

0 

72 

91 

0 

Chest 

26 

2 

0 

7 

0 

0 

26 

78 

0 

Gastrectomies 

297 

44 

4 

12 

149 

2 

289 

93 

0 

Other gastrointestinal 

248 

32 

3 

12 

116 

4 

207 

81 

0 

Miscellaneous 

131 

34 

27 

36 

IS 

0 

73 

37 

6 

Total 

881 

132 

42 

75 

283 

6 

786 

78 

6 


It is most interesting to look back and consider the development of our 
anesthesia for the major abdominal surgery. Up to tAventy years ago, the 
anesthesia Avas all drop ether. We considered then that any abdominal pro- 
cedure requiring more than three hours carried more than a 50 per cent risk 
from both the anesthetic and surgical standpoint. While Ave used nitrous 
oxide Avith ether in some cases, Ave did not consider it much of an improvement. 
TAventy years ago Ave began to use ethylene, almost ahvays Avith ether, and 
soon began to feel that a definite improvement had been made. 

In the fall of 1933 Ave began to use cyclopropane but not until 1935 did 
Ave use it for major upper abdominal surgery and found that in nearly 50 per 
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cent o£ cholecyst ccioinics, £ov example, avc avcvc ohlisccl to add ether to the 
cyclopropane in order to obtain satisfactory relaxation. Our tcclini(iue in the 
use of cyclopropane improved until by .lainiary. 193‘), vhen the presently re- 
ported series of long surgical ])roccduros began, we ])rnetically never lound 
it necessary to use any ether. However, we have ahvays been, and still are, 
required to produce cadaverous relaxation and almost unnoticeahlc breathing 
to expedite the surgical procedure. This we accomplished by employing a 
sufficient concentration of cyclopropane and by carrying on artificial or “con- 
trolled” respiration by manual manipulation of the breathing bag. It is inter- 
esting that of the 149 gastrectomies and 120 other gastrointestinal cases in this 
series, averaging live hours six minutes and four hours six minutes, rcsiicc- 
tively, before wc had begun to use any spinal anesthesias for such cases, only 
two patients with gastrectomies and two patients in other gastrointestinal 
cases received anj* ether. "We observed that the ojicrative and postoperative 
course and recovery time of these patients were better than with any preced- 
ii^b type of anesthesia. 

It was in April, 1942, that wo began to extend our use of spinal anesthesia 
from the shorter abdominal operations to those which wc were quite sure 
would require three hours or more of anesthesia. In all of .such cases we have 
consistently induced general anesthesia as soon as the spinal anesthesia has 
been induced and confirmed. AVc do not believe it is necessary or helpful to 
submit the patient, in long procedures, to the weariness of lying awake even 
a part of the time. Besides, the manipulations necessary in anj’ upper abdom- 
inal operations and bowel resections usually cause nausea and retching under 
spinal anesthesia alone, which is miserable for the patient and disturbing to 
the surgeon. The purpose of the spinal anesthesia is to spare the patient the 
prostrating effect of long, deep general anesthesia, and therefore we took pains 
to keep the level of general anesthesia in the first plane of the surgical stage 
as long as the spinal anesthesia remained effective. As the latter faded out, 
we deepened the narcosis as much as required to afford relaxation. Through- 
out both phases of the anesthesia we exercised controlled respiration as much 
as necessary to effect quiet respiratory movement. We were impressed by the 
fact that these patients who had been given spinal anesthesia looked even bet- 
ter postoperatively, had even less prostration, and recovered their vigor even 
more rapidly than those who had been anesthetized by cyclopropane alone. 

It will be noted in Table IV that only 6 of the iiatients in the 1,000 long 
operations in this series received curare. The end of this particular series 
marks the beginning of our use of curare in such cases. We added curare to 
our armamentarium in May, 1943, and for several months used it only for 
abdominal operations lasting up to two hours. After thus becoming well 
acquainted with it, we began to use it in the long procedures at the dwindling 
of the spinal anesthesia relaxation, thus avoiding the deepening of the general 
anesthesia. These six cases represent the beginning of this further evolution 
and they were pleasing enough to encourage ns to continue. Discussion of 
this experience, of course, goes beyond this presently reported series of 1,000 
long operations, and will be reported in a later series. It should be said here, 
however, that, because of the occasional postspinal anesthesia headache and 
possibly a higher incidence of catheterization after spinal anesthesia, after a 
few months’ trial of curare for pi'olongation of the relaxation, we began to 
substitute it for spinal anesthesia in oui- long procedures from the beginning. 
It has seemed that this has helped to bring about a stiU. further gain in the 
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■ rapid retimi of vigor. As one surgeon expressed it, “These patients with 75 
per cent or more gastrectomy now cannot see why they sliould not go iiome 
on the fourth postoperative day.” They do average only seven and a fraction 
postoperative days in the hospital. 

It mu.st he emphasized, of course, that in addition to improved anesthesia, 
they receive excellent preoperative preparation and are given adequate opera- 
tive and postoperative fluids, plasma, blood, and vitamins. 

The twenty-four pentothals for gastrointestinal patients were all for in- 
duetion only, and the tendency toward this use of it has increased largely 
in later cases. 

It will he noted that of 129 eases of brain surgery, 102 patients I’cceived 
cyclopropane, 18 ethylene, 6 ether, and 7 pentothal. The last were for induc- 
tion only, the ethers were for children, and the ethylenes were in some of the 
earlier cases, and some in which it was comhinecl with cycloproi)ane. Cyclo- 
propane is our standard method. In jmars past we used open ether, rectal 
ether, rectal avertin, and either of these supplemented with chlorofoian. We 
believed that anj-^ gas anesthetic Avas contraindicated because of increased 
intracranial pressure. The intratracheal tube settled the last point. Our 
neurosurgeon states that he likes our intratracheal cyclopropane belter than 
others Avhich we have used and others Avhieh he sees. 

For our ma,ior chest surgery we haA*e nevei- used any anesthetic except 
intrati'acheal cyclopropane. 

The use of the intratracheal tube has been one of oiir mainstays in the 
care of our patients during the ane.sthesia period in long surgical procedure.s. 

' .In brain surgery Ave consider it essential. It makes it possible to control the 
nesthesia, control respiration, and keep out of the Avay of the surgeon, no 
matter Avhat may be the operative position. In looking at the figures, avc are 
>''' amazed that there Avere 10 eases in AAdiieh the tube Avas not used. Jlost of them 
involved .small children under special circumstances. In most other neuro- 
surgical eases the tube is not qiiite so essential but makes for much gi-eater 
efficiency because of prone, semiprone, or other odd position. 

In open chest .surgery AA e use the intratracheal tube consistently in spite 
of only 78 per cent shoAAm in Table IV. Of the 7 patients Avho did not have 
it, some Avere tiny babies AAntli tracheo-esophageal fistulas and some had exten- 
siAm chest AAmll surgery. 

All of our abdominal surgical patients come to the operating room Avith 
Wangensteen suction tubes through the nose into the stomach, and suction 
Avith the Wangensteen bottles is continued throughout the surgery. It is al- 
most impossible to keep a perfectly fitting mask Avith the tube coming out 
under it. In addition to that, in spite of the constant suction, there is some- 
times some gastric fluid Avhich, because of manipulation, folloAvs up the esopha- 
gus outside the tube and tends to enter the trachea unless the latter is oc- 
cupied by the tracheal tube. Therefore, we use a tracheal tube in practically 
all gastrectomies and in the great majority of other gastrointestinal cases. 

We use an intratracheal tube surrounded by an inflated cuff. The infla- 
tion is done Avith air under 14 to 16 cm. of Avater pressure. Measuring the 
inflation pressure AA'as suggested by Dennis after Ave had injured a trachea by 
too great inflation Avith a sju’inge. Our tracheal tubes, cuffs, and Avater manom- 
eters are homemade in our division of anesthesiology. The type of cuff Avas 
Avorked out for our special needs by Grimm, Avith one of us (E. T. K.). This 
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provides aii riirtis^lit fit Avitliout injury to tlio tnidicn, prevent iiif;' the entrance 
of any foreign material and providing perfect control of respiration. 

Wc have permitted the use of the cautery and the fulgurating current 
for all of onr brain and neurologic surgery and for our gastrointestinal sur- 
gery except in a few individual in.stances in which we felt there might be some 
explosive gas present in immediate proximity to the spark or heat. We have 
felt that the type of anesthesia used and the benefit of the cautery or fulgura- 
tion Avere both too advantageous to be given up, in view of the closed .system 
of anesthesia and careful draping. With hundreds of trials wo have failed to 
pick up an explosive sample of gas farther than three inches from the wide- 
open end of the gas tubing with three and four times the gas flow used in 
anesthesia, even though an explosive mixture Avas picked up each time from 
the tube itself. We do not believe that any inadvertent tiny leak can reach 
the cautery or spark. 

Among the 1,000 patients Avith long .surgical operations, 84 have had post- 
operative pAilmonary complications. 17 of Avhom died and 07 recovered. The 
diagnoses Avere as folloAvs, some having more than one diagnosis: atelectasis 
27, pulmonary edema 7, bronchial pneumonia 30, pneumonia 10. pneumonitis 4, 
pulmonary emboli 6, and miscellaneous 6. There avcj-c 02 deaths from nonpul- 
monary complications. 
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INTERCOSTAL NERVE BLOCK 
Stanton Belinkoff, M.D., Neav York, N. Y. 

(From the Department of Anesthesia, Lenox Dill Hospital.) 

' I ’HE deA'^elopment of anesthesiology in recent years has been rapid, neAV 
A agents and methods making possible operatwe procedures Avhich in former 
years entailed either great dang'er or certain death. One of the most important 
of these has been the use of regional anesthetic procedures, Avhich Avere popu- 
larized in large measui’e by the teachings and writings of Gaston Labat. 

The field has been enlarged still further to include the use of regional 
procedures not only for operatiA'c inteiwentions but also in diagnosis and 
therapeusis. Sympathetic block with procaine is used as a preoperative test 
to determine the efScacy of s3unpathectomj'^ in essential hj^pertension. Lumbar 
paraA'ertehral block relaxes the spasm associated with thrombophlebitis and 
helps rebeA'e the pain from the impaired circulation. Subdural injections of 
absolute alcohol often eliminate the intractable pain of inoperable carcinoma. 

The blocking of the intercostal nerv'es is one of the regional anesthetic 
procedures AA’hich has been deA'eloped largely in the last few years since Bart- 
lett s^ description in 1940. Its use in the relief of pain can be applied to a 
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variety of- conditions. It has been tried and found of value as an anesthetic 
for operative procedures, in the relief of postoperative pain, in the relief of 
acute pleuritic joain, and in the relief of the pain associated with fractured 
ribs. These will be discussed individuall 5 '. 

technique 

A description of the anatomy of the intercostal nerves will give a better 
insight into the benefits to be gained from their anesthesia. After arising 
from the spinal cord they pass out of the intervertebral foramina and run in 
a groove behind and at the lower border of their respective ribs between the 
internal and external intercostal mmscles, giving otf branches to the pleura. 
Upon reaching the costal arch they pass below the costal cai-tilage into the 
anterior abdominal wall and run toward the midline in an oblique domiward 
direction to innervate the skin and muscles of the .entire anterior abdominal 
wall with the exception of the inguinal regions. The nerves are most acce.s- 
sible in the region from the mid-scapular to tlie anterior axillary lines where 
they run in a closed compartment under and behind the rib, and it is in this 
region that the blocks are done. 

The proper placement of the patient is quite important, and either of 
two positions may be used. ' 'When the block is being done befoi’e or imme- 
diately after an operative procedure, the patient is usually in the recumbent 
position. If it is being done therapeutically, the patient can either sit or 
assume the recumbent position. The arm should be raised above the head for 
two reasons, first, to remove it from the operative field, and second, to make 
the skin over the ribs taut to facilitate both the finding of the landmarks and 
..the insertion of the needle. 

' ? With the patient in the recumbent position, a small pillow is placed un- 
' der one side to I'aise the thoracic cage and make the operative field more ac- 
cessible. The area is draped and surgically prepared uith alcohol, ether, and 
a suitable antiseptic solution, using strict aseptic technique. Then, using a 
hypodermic needle, Avheals are raised with 0.5 per cent procaine over the select- 
ed ribs at the desired site of injection, usually the midaxillary line. The inter- 
costal block is peiTormed by inserting a needle perpendicular to the sldn until 
it strikes against the rib. Once contact is made with the rib the needle is 
moved down until it just slides past the undeusurface of the rib where it now 
lies in close proximity to the intercostal neiwe. The solution is deposited 
here, and after the needle is withdrauui the area is vigorously massaged. The 
needle used is an ordinary No. 20 gauge intravenous needle with a short bevel. 
The anesthetic 'solution is varied depending upon the desired result. 

There are several precautions to be obsemmd in the technique. Aspiration 
should always be done before injecting to avoid intravenous admini.stration 
of the drug or injection into the pleural space. Strict asepsis should be used 
to avoid infection. Too much of the agent should not be used and the upper 
limits of safety in quantities of local ane.stbetics should be remembei'ed. 

USE IN OPERATIVE PROCEDURES 

There are manj'^ relatively poor-risk patients who need upper abdominal 
operations. Many of these fall into the hypertensive arteriosclerotic older 
age group in whom high spinal or deep inhalation anesthesia would constitute 
a definite hazard. In these instances local anesthesia is often used, but un- 
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fortunately local infiltration of the area docs not ahvays produce enough 
relaxation for satisfactory surgery. In this group of eases intercostal nerve 
block is of great usefulness. When properly done it provides relaxation of 
the upper abdominal nuisculaturc with sensory anesthesia -which is sufficient 
for opening the abdominal cavity. Altliough it can be used alone, it is best 
when in some form of balanced anesthesia. 

Balanced anesthesia is a term originally used by Lundy- to describe the 
use of a combination of anesthetic agents and methods so balanced that the 
burden of pain relief and the jn-odnetion of conditions conijialible ivilh sni-gery 
are not borne by any one method hut rather by the combined cll’ects of sev- 
eral. Intercostal block is ideally .suited „to this typo of jiroecdure. 

The fiivst step in the production of any balanced anesthetic is the projier 
preoperative preparation of the patient. The effect to be desired from the 
premedication is the production of a sleepy, drowsy ])atient who can be easily 
aroused. This can usually be accomplished by the combination of a barbit- 
urate, opiate, and one of the belladonna deriA-atives. The dosage is deter- 
mined only after a careful estimation of the patient’s strength and condition. 
In the average case, nembutal gi-. morphine sulfate gr, 1/6, and scopola- 
mine liydrobromide gr. 1/150 have proved quite satisfactory when given from 
one to one and one-half hours preopei’ativcl.v. The barbiturate also helps 
ward off any toxic effects from the anesthetic solution. 

After the patient has arrived in the operating room, the block is per- 
formed in the recumbent position as already described. Usually nerves VI 
through XI are injected bilaterally in the midaxillary line. When proficiency 
in the technique has been acquired, the wliole procedure does not take more 
than ten minutes. After the block lias been done, the surgeon must Avait from 
five to ten minutes before complete anesthesia is present as sliOAvn by relaxation 
of the musculature and loss of sensation to skin stimuli. The agent used lias 
been a 2 per cent solution of procaine Avitbout adrenalin. Three cubic centi- 
meters injected into each inter.space liaA'e inAmriablj”^ proA’ided more than tAVo 
hours of good anesthesia. 

Although in some instances if the surgeon is very careful and gentle the 
operative procedure may be carried out Avith no further anesthesia, it is best 
to put the patient lightly to sleep Avith nitrous oxide or cyclopropane. The 
anesthesia need only be to the fii-st plane of the third stage of anesthesia 

(after GuedeP). Eelaxation lias already been obtained through the nerve 
block. 

EA'ans-* has recentB^ published a report on the use of intercostal block plus 
sodiAim pentotbal intravenously in surgerj'^ of the upper abdomen, referring 
especially to war injuries, AAdiere he finds the combination to be better than 
any other method available. In our ciA'ilian hospitals a beautifully balanced 
anesthesia can be produced using this combination plus a 50 per cent nitrons 
oxide-oxygen mixture. This case has previously been reported in a paper on 
intercostal block in balanced anesthesia.’’ 

Case l. C., a 64-year-old, obese, white woman with, hypertensive arteriosclerotic 
heart disease and pyloric obstruction from carcinoma of the stomach was to have a gastro- 
enterostomy. 

Premedieation was a combination of nembutal, morphine, and scopolamine. Intercostal 
block in this instance was done ndth the formula to be given later in this paper, containing 
monocaino base, benzyl alcohol, benzoeaine and oil, 1% c.c. at each inter.space. After the skin 
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incision was made, slie was jmt to sleep with a 2 ^,^ per cent solution of sodium pcntotlial 
injected into the tubing of an infusion which the patient was receiving. Immediately there- 
after the mask of an anesthetic machine was applied to the patient’s face and a 50 per cent 
mixture of nitrous oxide and oxygen was admini.stered. This last made it possible to give 
her a high concentration of oxygen while providing a means of watching the depth of 
respiration. The nitrous oxide also lessened the amount of pentothal needed to keep the 
patient asleep. 

The patient did very well during the operation with practically no change in the pulse 
or blood pressure. That evening,' when she became thirsty, she got out of bod to got a 
drink of water. After being returned to her bed, .she remained there during an otherwise 
uneventful recovery. 


In this ca.se the use of the intercostal block to produce relaxation allowed 
the use of small, relatively innocuous amounts of other agents to produce a 
satisfactory' ane.sthesia. The use of any one agent to produce the same effect 
could ]iot have been done without having an undesirable effect upon the patient. 

The intercostal block can he used with any type of inhalation ane.sthesia 
and has proved very helpful with nitrous oxide, cyclopropane, and ether.’^ The 
demand for great depth of anesthesia to produce upper abdominal relaxation 
is removed, and the beneficial effects to the patient are evident both in the con- 
dition during the operation and in the postoperative period. 


U.SE FOR POSTOPER.VTIVE PAIX 

After using the interco.stal block in operative procedures for some time, 
the thought arose that if a long-acting anesthetic were used to produce ane.s- 
thesia or analgesia of several days’ duration, the patient could be spared the 
ordeal of postoperative pain, and with the relief of this pain would come free- 
dom from its sequelae. The pain folloAving upper abdominal operations and 
attempts to relieve it result in greatly reduced respiratoiy excursions. The 
factors involved are splinting of the diaphragm, tight abdominal dressings and 
binders, reluctance to take deep breaths, morphine, and other opiates, unwilling- 
ness to attempt to cough up gathering mucus, and the tendency of the patient 
to remain in one position. All of this leads to stasis of pulmonary secretions, 
atelectasis, and pnexunonia. It was thought that if a prolonged anesthesia or 
analgesia of the operative area could be produced and these dangers eliminated, 
the incidence of postoperative puhnonai-y complications could be reduced while 
the postoperative period was made much more tolerable for the patient. 

A siu'vey of the literature revealed that Zollinger,® in 1941, had apparently 
had a similar idea and attempted to produce anesthesia with a solution of 
eucupine in oil. Although his results were not unifonnly good, he felt that 
the principle was sound and that the method warranted further investigation 
and clinical trial. 

Accordingly, a search was made for a suitable agent, and a preparation 
with the following formula* finally selected: 


ilonocaine base 

Benzyl alcohol 

Benzoeaine 

Oil of sweet almonds 


0.02 Gm. 
0.05 6m. 
0.03 Gm. 
to 1.0 c.c. 


This solution had previously been used by Brenner" in rectal Avork, and it 
was thought that it would prove satisfactory here. 


‘This formula is prepared and marketed under a trade name by the Novocol Chemical 
Mfg. Company, Inc.. Brooklyn, N. y., and a supply -was generously provided for our u.se m 
these investigations. 
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Altliough there is some chingcr of abscess foriimtion and sloughing wlien 
using oily solutions it too large a quanity is pooled in one place, it was felt 
that if only small quantities were injected in one place under aseptic conditions 
and then the area were thoroughly massaged, this danger could he eliminated. 
This proved to be true, for up to the present time more than 500 injections of 
this solution have been made with no local or .systemic reactions of any kind being 
noted. 

The injections were made according to the described technique, nerves VI 
through XI being injected bilaterally in the midaxillary line with 1% c.c. de- 
posited at each space. The injections were usually made after the anesthetic 
being used for the operation had been induced, so that the patient would l)e 
spared the pain associated with the insertion of the needles. In the case of 
spinal anesthesia it was done after anesthesia was present to the level of the 
fourth thoracic segment, and when an inhalation method was being used it was 
done after the patient was asleep. In a few instances it was done at the close 
of the operation before the patient reacted. 

A marked success was obtained in a scrie.s of twentj* cases, a report of 
wliich has been published elsewhere.® The patients wei-e grateful for the com- 
fortable postoperative period, and in those eases Avhere the block was success- 
ful the incidence of pneumonia was zero. The method is still being used with 
the same good results. 

As near as could he determined, the anesthesia produced lasted from eight 
to twelve hours, and was followed by a period of analgesia lasting for two to 
three days. These patients required little or no opiates for sedation. 

This method of attempting to relieve the postoperative pain from upper 
abdominal operations seems to be the most practical and the mosst likely to 
succeed that has been advocated thus far. Ilowever, a much wider clinical trial 
is necessary before it can be proj^erly evaluated. 

USB IN PRACTUKE0 RIBS 

The same line of reasoning that prompted tlie use of a long-acting anes- 
thetic for upper abdominal operations led to its use for fractured ribs. Even 
after adequate strapping of the chest many patients complain of pain at rest, 
or more often on motion, deep breathing and coughing. An attempt was made 
to alleviate this pain by intercostal block with the anesthetic oil solution, using 
the knowledge gained in its previous use. A limited number of patients have 
been treated in this fashion, with uniformly good results. The blocks were done 
with the patient in the sitting position, and 2 c.c. of the anesthetic oil solution 
were injected into each interspace. A typical case report is Case 2. 

Case 2,.- J. a 59-year-old white man, came to the accident room complaining of 
pam in the left side of his chest since trauma three days previously. Tlie patient had been 
strapped with no relief and had had no sleep since the accident. X-ray examination showed 
that ribs 7 and 8 on the left side had been fractured in the midaxillary line. 

Intercostal block of nerves VI, VII, VIII, and IX was performed in the posterior axil- 
lary line with 2 c.c. of the anesthetic oil solution at each space, with the patient in the 
sitting position holding his arm above his head. In ten minutes he felt much better, and 
in twenty minutes the pain was gone. After restrapping he left the hospital free from pain, 
and smiling. He telephoned several days later to state that he had remained completely free 
from pain and was very comfortable. 

In this type of case the intercostal block can be used to advantage if the 
fracture is anterior to the posterior’ axillary line and the injection can be per- 
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formed posterior to it. It must be remembered that there is an overlapping of 
the distribution of the intercostal nerves and that the block should always in- 
clude one nerve above and one nerve below the ribs involved. It is a useful 
addition^ to the treatment of this condition and in the relief of the pain accom- 
panying it. The treatment of the fracture itself is not changed in any way, 
and immobility by strapping or some other means is still to be desired. 

USE FOR ACUTE PUEURITIC PAIN 

One of the cardinal symptoms of a pneumonic process in the lungs is pleu- 
ritic pain, which often is quite severe and distressing to the patient. Price® 
has reported a series of eases in which he used intercostal block in an attempt 
to relieve this pain with marked success. The method is simple and effective, 
often producing permanent relief. Bj' allowing relatively free motion of the 
thoracic wall, which would otherwise tend to be splinted as a result of the pain, 
it favors adequate ventilation and aeration of the lungs, affording protection 
against the complication of atelectasis. Drainage of the involved area is pro- 
moted since coughing is rendered nearly painless. Opiates which ordinarily 
are given for pain dejn’ess the cough reflex and thus favor stasis with resulting 
atelectasis. 

The nei’ves to be injected are those corresponding to the intercostal spaces 
over which definite tenderness can be elicited by slight pressure. The injection 
is made most conveniently in the posteinor or midaxillary line. However, in 
cases where the hj^peresthesia is located more posteriorly, injection can be made 
in the mid-scapular line. The injections are made vuth 2 c.c. of a 1 per cent 
solution of procaiue hydrochloride, with the patient in either a sitting or a re- 
cumbent position. 

Although mj’’ experience has not been as favorable as that of Price, since 
in most eases onl}’' partial relief from pain was obtained, the method has definite 
value if the patient can be helped even in small measure. 

CONCLUSION 

The recognition of the value of intercostal block as a regional anesthetic 
procedure has been slow in coming. Some have been hesitant to make use of 
it because of the danger of striking blood vessels or puncturing the pleura, 
others because of the extra time and trouble involved in its performance. If 
ordinary precautions are taken, the method is without any moi*e hazard than 
any other procedure invohdng the injection of au anesthetic solution into the 
body. The time and trouble element should not be of major importance when 
the benefits to be derived are so great. 

The discussion here has included the use of intercostal block as an anes- 
thetic for operative procedures, for the relief of postoperative pain, and for 
the relief of pain from pleurisy and fractui’ed ribs. It is hoped that this form 
of therapy will find wider favor and a larger field of application. Its simplicity 
aiid ease of accomplishment should make it a common procedure in the field of 
anesthesiology. 
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NOTES REGARDINC4 THE USE OF INTRAVENOUS SODIUJI 
PENTOTHAU ANESTHESIA IN JIAJOR SURGICAL CASES 

Cleveland H. Siiutt, JI.D., St. Louis, i\Io. 

W E STARTED to use iutravenous sotliinu pciitolhal as a general anes- 
thetic for major surgical eases June 5, 1942, at the Missouri Baptist Hos- 
pital. It has been used in all surgical eases by my.sclf, and several other sur- 
geons have used it extensively for a grand total of 2,287 ease.s. It has been 
used in every type of major surgical case, excluding lung resection. The ages of 
the patients ranged from 7 to 92 years. It has been used in head and neck 
eases, goiters, breast resection, and all types of major abdominal operations 
including common duct stones with jaundice and some with liigh nonprotein 
nitrogens, shock and low hemoglobin cases, which were suitable for any other 
general anesthetic agent. There have been no deatlis traceable to this anesthetic, 
no thrombosis, nor local necroses. AVe have used morpliine and atropine but 
we usually give lijmscine and morpliine in suitable doses according to the age 
of the patient and his general condition about tliirty to forty minutes before 
operation, and a sleeping dose of some barbiturate the night before operation. 

In the beginning, we used a 5 per cent solution, which was soon changed 
to a 21^ per cent solution due to prolonged sleeping periods after operation. 
The dosage has ranged from 2% to 45 gr. in one case. Anesthesia has been 
maintained up to four hours without ill effect. 'We are now aAmraging from 
15 to 25 gr. in most major cases, .such as gall bladders, hysterectomies, etc. 
Anesthetists must be properly trained, alert, and capable. Relaxation is very 
satisfactory. There is practically no postoperative nausea. The agent is non- 
explosive and the equipment required is simple and inexpensive. AVe use the 
Thomas apparatus. The anesthetist is well away from the field of operation. 
In our early cases, from 10 to 15 gr. more of the drug were used than we now 
find necessary. The postoperative sleeping period ranges from one-half to four 
hours depending upon the preanesthetic dosage, the type of patient, and the 
type of operation. 

The skin surface is carefully sponged with alcohol and usually the median 
vein is selected for puncture. AA^hen blood appears in the syringe, from 2 to 
3 c.e. of sterile, chemically pure, distilled water is injected followed by the 
2 V 2 pe r cent pentothal sohitioir made with sterile, chemically pure, distilled 
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water in ampules. Complete anesthesia Avith good relaxation is obtained in 
from ten to thirty seconds and usually after having used from 21/0 to iy» gr. of 
pentothal in 2% per cent solution. Alcoholics and some other types require 
heaAuer initial dosage. Appi’opi'iate amounts of solution are then injected from 
time to time to maintain suitable relaxation, usually 2 to 3 c.c. at a time. In all 
major eases, 100 per cent oxygen is given throughout, due to shallow respiration 
caused by sodium pentothal. AVhen the operation is almost completed, after 
peritoneal elo.surc, the lungs are ventilated with oxygen, 95 per cent and carbon 
dioxide, 5 per cent. Anj' indication of overdosage is met by giving 100 per cent 
oxygen under moderate pre.ssurc and an open airway. The airwa.v is used 
throughout the operation and the patient is sent to bed with the airway in posi- 
tion unless earlier ejected by him. Oxygen and carbon dioxide arc administered 
routinely at intervals for about twenty-four horn’s iiostoperativcly in all upper 
abdominal cases. 

Mirch time is saved and there is no unpleasant sensation for the patient 
after the initial puncture. The patients seem uniformly avcII pleased and in 
fact many ncAv patients are uoav reque.sting this drug. In pi’olonged pro- 
cedures such as stomach resections, etc., after the initial induction with 2V^ 
per cent solution, a continuous flow of per cent solution is sometimes used, 
by Murphy drip, the rapidity of tlorv being regulated from time to time by 
the anesthetist. 

AVe have four nurse-trained anesthetists who quickly grasped the tech- 
nique of promptly puncturing the veins under aseptic precautions, first in- 
jecting 2 or 3 c.c. of sterile water to make certain that the needle is properly 
in the vein before the pentothal solution is used. They soon learned to judge 
when to give additional amounts in order to maintain relaxation with a mini- 
mum amount of the drug. Increased respiration and inci’cascd muscular ten- 
sion are indications for additional dosage. 

It is our considered judgment that .sodium pentothal can be used safely 
in major surgery and to greater advantage than any other anesthetic agent 
nOAV available. Careful records haA'c been made and are aAmilable in all cases. 
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T he employment of euviire® as an anestlietie ueeessovy for llu; enhane.emcnl 
of mnscular relaxation is now becominn: more universal. 'Pile technique 
appears to be witlnstamlin*' the rigors of use in inereasinfi numliers of eases in 
favorable and xnifavorable eireumstanees by both tlie experienced and inex- 
perienced anestheti.st. The exact allocation of the druji’s importance in the 
field of anesthesiolojiy cannot yet be determined, but clinical m\d laboratory 
experience with the dm}! has uncovered ecJdain desirable and undesirable 
properties, knowledge of which will assist in establishing its safe and rational 
ixtilization. It is the purpose of this connnnnication to outline the.se properties. 

Sustentath’e evidence’'’ gives credence to the theory that the basic action 
of curare is its ability to minimize or prevent re.sponse to acetylcholine. Curare 
is apparently capable, then, of inflxieneing any structure whose function de- 
pends on mediation of nerve impulses by acetylcholine. This concept is helpful 
in comprehending the effect of the agent on organs enuerviited by the somatic 
or the autonomic nervous systems. The effect of the drug is directly ])ropor- 
tional to the concentration of the drug at the site of action. The action is 
reversible and can be accomplished by increasing the concentration of, or the 
length of action of, acetylcholine. This immense in eoneentratioi^ oi’ prolonga- 
tion of action of acetylcholine can be produced by strengthening the nerve 
impulse, adding acetylcholine artificially, or inhibiting the aetioji of cholin- 
esterase with drugs such as physostigmine or prostigmine. This latter method 
IS the most convenient means of overcoming excessive cui'arization in clinical 
practice. There is some evidence that curare may kill by depressing the 
peripheral circulation,’’'’ but the ma.jority of deaths from curare are due to 
asphyxia accompanying unrelieved respiratory paralysis.® 

The coveted action of curare in cVmical practice is that degree of depres- 
sion of muscnlar activity that provides suitable relaxation at the site of opera- 
tion without undue paralysis of the muscles of respiration or prostration of 
the peripheral circulation. Fortunately, this optimal state can be achieved by 
judicious use of the drug, and the frequency of its attainment is directly pro- 
portional to the experience of the employer. The technique by which this 
state can be obtained has been amply covered in other publications and re- 
mains a standard procedure.”'” Muscular paralysis is achieved by preventing 
the receptor substance of the muscle from responding to acetylcholine. The 
muscle cells are unaffected and may be stimulated to full action, in the pres- 
ence of envarization, by electrical means. The nerve leading to the muscle is 
likewise unaffected by the curare. It is of considerable interest and impor- 
tance in the clinical use of curai'e to kuoiv that certain of the anesthetic agents, 
notably ether, possess eurarifoian actions of their own and the amount of 
curare used in conjunction with these agents must be significantly reduced.’ 

Experimental and clinical data”* seem to indicate that curare has no 
direct or indirect effect on the heart. The drug has been used on patients 


Ucceivrd for puWiration. Nov. s, 1841. 
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with and without cardiac abnormalities and in the presence of agents that are 
prone to produce arrhythmias, and no alterations attributable to the curare 
can be segregated. Peripheral circulatory depression, however, does develop 
in a few patients in whom curarization is present. This reduction in blood 
pressure maj’- be due to a direct relaxing effect on the smooth muscle of the 
arterioles or to widespread muscle relaxation with consequent impaired venous 
return and lowered cardiac output. It is associated with either excessive 
single doses administered in a short time or to rather complete curarization 
over long periods of time such as is necessary in the treatment of tetanus with 
this drug. The circulatory detrusion is usually of ])rief duration and recovery 
occurs without specific therapy. In patients with labile vascular systems, it 
may be profound and refractory to treatment. In the latter type of case, it 
might be possible to precipitate a fatal termination of the anesthetic procedure. 
It is important, for this reason, to use the curare cautiously and avoid large 
single doses or protracted curarization." 

The action of curare on the gut has been studied.""' The small intestine 
consistently exhibits brief cessation of peristalsis and somewhat longer periods 
of loss of tone with therapeutic amounts of the drug in the unanesthetized 
animal. The cessation of peristalsis lasted usually only two to three minutes. 
In a few animals it lasted approximately twenty minutes. The loss of tone 
persisted for about twenty minutes with a gradual return to normal. ^Morphine 
and cyclopropane obliterated the curare effect. The effect of curare on the 
stomach was inconclusive. The etiology of the cessation of peristalsis and the 
loss of tone produced by the curare may be one or the other or a com- 
bination of two factors. The drug was shown to have a direct effect on iso- 
lated small bowel and it is known also that curare inhibits to some extent the 
action of the vagus nerve.^’ ® It is impossible with the available data to deter- 
mine which of the factors is dominant. It is anticipated that no residual action 
of curare will remain which might predispose toward postoperative ileus. 

There is minimal detoxication of curare in the liver and most of it is 
excreted unchanged by the kidney. Although it might be surmised, there is 
no e^^denee as yet that liver or kidney damage results in cumulative depression. 

The effect of the drug on the uterus has not been studied. A number of 
patients have been given curare for purposes of abdominal muscle relaxation 
during cesarean section without any apparent effect on the infant.^^ Studies 
have not been made on alterations of the blood elements and chemistry by 
curare. 

Curare has no analgesic property and in situations in which pain relief is 
necessary, the relief must be secured by the most appropriate agent and tech- 
nique. Curare may be used with any of the inhalation agents, with pento- 
thal sodium, with intrathecal techniques if analgesia is present, tribromethanol 
in amylene hydrate, and with topical, regional, or infiltration techniques. As 
pointed out earlier, the dose must be adjusted according to the curariform 
properties of the agent used. The action of curare is restricted to approxi- 
mately twenty minutes. It is advisable then, when using inlialation anesthesia, 
to use an agent that has the ability to provide moderate muscular relaxation 
by itself. The curare is preferably used to produce only added relaxation 
when the occasion demands. "When the less potent inhalation agents are used, 
all the relaxation must be obtained with the curare, and the hazards attending 
its excessive and prolonged use appear. The use of curare with a topical anes- 
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thctie tcciniiquc is limited cliiofly to endoscopic nmnipulations dni-ing wiiieii it is 
difficult to obtain sufficient relaxation to permit easy and nontrauinatie. examina- 
tion.’® 

SUMXIAUY 

Curare lias proved useful as a moans of obtaining improved muscle relaxa- 
tion during anestbesiu. It is a safe drug Avhen used in the proper fnsbiou. Its 
chief disadvantage is the relatively narrow margin between the optimal dose 
and the dose producing respiratory paralysis. It should be used only when 
means of producing efficient artificial re.sjiiration and pro.stigmine arc immedi- 
ately at hand. It should be used only by those experienced in the science and 
art of inhalation anesthesia and should not be used to cover up errors of com- 
mission and omission in the anesthetic technique. It will gain and retain 
respect as a useful adjunct to anesthesia if it is employed within the limits of 
its pharmacologic properties and is not abused by excessive and indiscrimi- 
nate use. 
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IXTRODUCTIOX 

E XPERI^IEXTS designed to investigate shock in tlic Ial)oratovy have regu- 
larly utilized anesthesia as a means of immobilizing the animal for the tech- 
nical procedure. Although an extensive variety of diugs has been employed for 
this purpose, minor consideration has been given to the fact that the influence 
of anesthesia on different functions of the organism varies widely Avith the agent 
employed. 

Recent reports by ^Yigge^•s/ Blalock,- and Allen^ have directed attention to 
the necessity for standardizing the anesthetic technique so as to obtain a uniform 
degree and duration of narcosis. The.se and other reports, however, have 
neglected the .specific complications which arise from anesthesia dui'ing the 
experiment. AYithout more ob.iective knowledge of the variables introduced, 
it is difficult to evaluate and compare the conclusions and concepts proposed 
by different investigators. 

Despite the renewed interest in the importance of anestliesia with respect 
to the circulation, no detailed study has appeared on the specific effects of 
ane.sthetie agents on the peripheral circulation, either in normal animals or 
those in shock. Recently, Bennett. Bassett, and BcecheF determined the 
effects of several anesthetic drugs on the changes in blood floAV in several 
ma.ior blood vessels of dogs following hemorrhage. The present study Avas 
undertaken to clarify the effects of some commonly used ane.sthetie agents on 
the circulation by utilizing changes in the circulatory dynamics of the capil- 
lary bed. 

METHODS 

The changes in the peripheral circulation resulting from a standardized 
bleeding procedure Avere folloAved in seventy dogs anesthetized Avith six different 
drugs. Plasma protein and hematocrit readings AA'ere routinely obtained prior 
to bleeding and induction of anesthesia. Plasma protein A\-as determined by the 
falling-drop method of Barbour and Hamilton, and the hematocrit value by 
centrifuging in Sanforth-ilagath tubes. The femoral ai-tery Avas eannulated 
after local tissue infiltration AA-ith 2 c.e. of a 1 per cent solution of procaine, 
and blood pressure Avas recorded continuouslj', using heparin as an anticoagu- 
lant in the cannula. Following the induction of anesthesia, the omentum AA^as 
exteriorized for direct microscopic .study according to a method preAuously 
described.^ The essential feature of this method is the AvithdraAval of part of 

This work was aided in part by a grant from the Josiah Macy, Jr. Foundation, New 
York. A preliminary report a-ipeared in Proc. Soc. Exper. Biol. & Med. .AG: 73-77. 1<>44. 
stitutes the seventh of a series of studies on various phases of experimentally induced shoca. 
The first study is listed as Ref. 5, the fourth as Ref. 11. the fifth as Ref. 12. and the sixth a. 
Rpf 13 in Uie reference list of the present paper. The second stud.v on acute hemorrhage, aP" 
neared in Am. J. Physiol. 139: 123-128. 1943 ; and the third on blood pre.ssure technique, m J- 
lib. & Clin. Med. 28: 886-888. 1943. 
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the oiuenluin into a I'ulibev sheath attached to the peritoneal inarf’ins oi tlio 
abdominal incision and exposni'c of a small ]iorlion of omental tissue over a 
^lass horseshoe rcstinij in a specially prepared moist chamber. The exterior- 
ized omentum is maintained at body temperature and the exposed resion kept 
in a moist condition by a eonlinuous drip of Avarm Ringrer’s solution buffered 
with sodium bicarbonate to a pTI of 7.3 and containing sufiieient {jclatin (1 per 
cent) to give it a colloidal osmotic pressure similar to that of a serous exudate. 
With these precautions, it is po.ssible to keep the capillary circulation under 
observation for five or si.\ hours Avith its normal reactivity intact. The omental 
criteria studied Avere (a) the rate and distribution of blood floAV, (b) vasomo- 
tion, and (c) epinephrine reactivity of the muscular com])onents of the capil- 
lary bed. 

Dogs receiA’iug only local anesthesia served as a coTitrol series Avith Avhich 
the anesthetized groups could be compared. The controls Avere prepared foi* 
obserA’ation of the omentum Avith an abdominal field block using 8 to 10 c.c. 
of 1 per cent procaine solution and received no further medication. 

As an additional means of observing tlie effects of hemoi-rhagc on unanes- 
thetized dogs, the omentum Avas prepared foi- observation in eleven animals 
by administration of cyclopropane or pentothal only during the reciuired 
surgery. The dogs so prepared dxiring cyclopropane anesthesia Avgre alloAved 
to recover consciousness for one hour before the bleeding Avas l)egun. Their 
behavior Avas very similar to that of the dogs receiving local anesthesia only, 
and the data concerning them Averc not included. Pentothal Avas found to be 
unsuitable for such preparations since its effects on the perijjlieral circulation 
persist for several hours after the dog has recovered consciousness. 

The experimental dogs avoi'c divided into five groups, each of A\diich Av^as 
subjected to a different anesthetic procedure. The drugs used Avero : morphine 
. sulfate (ten dogs), cyclopropane (nine dogs), ether (five dogs), sodium pento- 
barbital (tAvelve dogs), and sodium pentothal (eight dogs). Anesthesia Avas 
continuous throughout the experiment. 

Morphine sulfate, 2 mg. per kilogram of body Aveight, Avas injected intra- 
venously. This dose produced mild depression in the animal and a euphoric 
state Avhich could not be considered complete anesthesia. 

Cyclopropane and ether Avere administered, intermittently Avith oxygen, 
by means of a standard Foregger metric anesthesia table Avith a closed to^and- 
fro rebreathing system and a cannister for carbon dioxide absorption. FoUoav- 
nig the induction of anesthesia Avith a special face mask, an endothracheal 
catheter Avas introduced to assure an adequate airway throughout the experi- 
ment. The uppermost (first) plane® of surgical anesthesia Avas maintained, in 
Avhich spontaneous respiration is not depressed and the blink and corneal 
reflexes are brisk. The oxygen content of the respired anesthetic mixtures 
was always far in excess of metabolic requirements (75 to 90 per cent). 

Sodium pentobarbital Avas given in a single intraAmnous dose of 25 to 30 
mg. per kilogram of body Aveight. This amount produced about forty minutes 
of fairly deep surgical anesthesia, AA'hich gradually diminished oAmr the suc- 
ceeding tAvo and one-half to three hours. As the surgical procedure and initial 
observations normally required forty to fifty minutes, these animals at the 
time that bleeding Avas instituted Avere in a depth of anesthesia comparable to 
that of the other anesthetized dogs. FiAm of the dogs in this group, to AA'^hom 
oxygen Avas gh-en by endotracheal catheter, exhibited no demonstrable differ- 
ences from those breathing air. 
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Sodium peutotlial (1 per cent solution) was administered intermittently 
by vein from an infusion drip bottle in volumes sufifieient to maintain a degree 
of narcosis similar to that induced by the inhalation agents. This required an 
average of 9.6 mg. per kilogram per hour, a relatively small dose of pentothal. 
All of these dogs received oxygen. 

The bleeding procedure consisted of an initial blood loss of 2 per cent of 
body weight and the .subsequent removal of 0.5 per cent at thirty-minute inter- 
vals. Bleedings were continued until a cessation of blood flow occurred in the 
large omental arteries. This was considered the maximal blood lo.s.s, since 
experience in bleeding over 150 dogs has demonstrated that further hemor- 
rhage invai’iably re.sults in a precipitous colla]).se of the animal. No sustaining 
infusions were given, and the dogs were left until they either showed signs of 
eirculatoiy collapse or had maintained an adequate blood flow for at least two 
hours after the final blood loss. The dogs Avhich collapsed spontaneously were 
infused with the blood withdraAvn. The remainder of the dogs Avere giA'en a 
similar infAision three hours after the la.st bleeding. Note Avas made of the 
degree of improA-ement of the peripheral circulation and of blood pressure for 
forty-five to ninety minutes. Autopsies Avere done on represent atiA'e dogs in 
each group. 

In addition to noting blood loss, blood pres.sure. and the omental criteria, 
atrial blood samples Avere taken CA-ery tAventy-five to thirty minutes after each 
bleeding through a catheter passed doAvn the right .iugnlar vein to the level 
of the right atrium. These samples Avere analyzed for (a) venous oxygen, (b) 
uric acid, and (c) A-asoexeitors and vasodepressors. The oxygen determina- 
tions AA'ere made by Roughton and Seholander’s SATinge method." Plasma uric 
acid IcA-els Avere determmed Avith an electrophotometer, using the colorimetric 
method of BroA\-n. The sensitive reactions of the peripheral blood vessels to 
abnormal substances in the blood AA'ere utilized for detecting the presence of 
A'asoexeitors and vasodepressors. Serum obtained from the hemorrhaged dogs 
AA’as injected into normal rats and the effect on the rat mesoappendix noted.® 

RESULTS 

Table I presents data on fifty-seven normal dogs diA'ided into a control 
series (thu-teen dogs) and an experimental series (forty-four dogs). It Avas 
found conA'enient to classify the data into separate categories, each coiTespond- 
ing to a single circulatory criterion. Within each category, the results Avere 
tabulated as aA'erage figui'es. A sufficient number of cases to obtain uniform 
results was included in each anesthetic group. The hematocrit and plasma 
in’otein values Avere Anthin normal limits. It Avill be noted that initial venous 
oxygen values were fairly high in those animals receiA'ing oxygen endo- 
tracheally, an obserA-ation pieviously described.® 

Tolerance to Blood Loss. — The maximal blood loss for each animal AA’as de- 
termined. By bleeding the dogs at thirty-minute intervals, it AA'as possible to 
AArithdraw from 3,2 to 6.7 per cent of their body AA'eight in blood AA-ithout causing 
the abrupt death of the subject. These values should not be confused Avith 
the bleeding A'olume AAhich other investigators have obtained by exsanguina- 
tion. With the method used in this study, all of the dogs suiwived for one or 
more hours after the last bleeding. 

As noted in Table II, the ability of the animal to Avithstand hemorrhage 
varied significantly according to the anesthetic agent employed. The largest 
maximal blood loss Avas obtained in the control group. The animals in this 
o-i'oup also shoAved the longest suiwival period and readily reeoA-ered following 
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Tabi.e II. Data Fou,owino ITemoukiiaok 


AXESTIIESIA 

M^AXIMAU 

BLOOD 

LOSS 

% SPONTANEOUS 
COLLAPSE < 3 
HR. AFTER 
LAST BLEEDINO 

% REVEBSIBLE 

TO transfusion 

3 nn. AFTER 
LAST BLEEDING 

CniTICAI. 

BLOOD 
PRESSURE 
LEVEL (M.M. Ilg) 

Procaine 

airdominal 

block 

5.3 

23 

92 

35*45 

Morphine 

4.C 

CO 

70 

40-50 

Cyclopropane 

4.8 

33 

89 

40-45 

Ether 

4.1 

80 

20 

75-85 

Pentobarbital 

3.8 

75 

25 

55-05 

Pentothal 

4.0 

100 

0 

80-85 


"Maximal Blood Loss" represents .averaKC flgure.s. Spontaneous CoIlap.se. etc.,” notes 
the frequenej' of circiilatorj' collapse ivitliin three hour.s .after final bleeding'. Infusions ivere 
administered to dogs when collapse occurred and to all other dogs at the end of three hours. 
"% Rever.sible. etc.," indic.ates the percentage of dog.s wliich could bo recovered bv transfusion. 
“Critical Blood Pressure Level" is that below which circulation deteriorated rapidly. 


transfusion. Several of the dogs in the control group were observed for over 
twelve hours. These reciuircd no sustaining infusion and .showed no signs of 
deterioration. In the morphine group, although the dose, produeed only a 
euphoric .state and not complete anesthe.sia, it did significantly lower the dogs’ 
ability to tolerate hemorrhage as compared with the controls. Of the four 
groups subjected to inhalation or intravenous ane.sthesia. the dogs in that 
group given cyclopropane showed a resistance to blood loss which most closely 
approximated that of the control group. These dogs survived for at least 
three hours and always responded well to transfusion. As indicated in Table 
II, 33 per cent of this group collapsed spontaneously and 89 per cent i-ecovered 
as a re.sult of transfusion alone. The ether-treated animals averaged a maxi- 
mal blood loss of 4.1 per cent, and their survival time never exceeded two 
hours. ^Moreover, they were refractory to transfusion and did not respond 
when their original blood volume was finally restored. 

The animals in the two groups subjected to barbiturate anesthesia with- 
stood less hemorrhage than the others. Those given pentobarbital showed 
fairly uniform blood loss figures, averaging 3.8 per cent. Seventy-five per cent 
of the annuals in this group collapsed spontaneou.sly within three hours after 
the last bleeding, and the same proportion was irreversible to transfusion. 
The dogs receiving pentothal were less uniform both as to tolerance to blood 
loss and as to survival time. During pentothal ane.sthesia two patterns of be- 
havior were noted, as pi'eviously reported,’® although the data in Tables I and 
n show only average figures for the group as a whole. One pattern of be- 
havior (five dogs) was charaetei’ized by high initial blood pressures (170 to 
175 mm. Ilgl after the onset of anesthesia and by greatei’ tolerance to hemor- 
rhage and longer surviiml time than was noted in the remaining members of 
this group. The second pattern of behavior resulting from pentothal was 
characterized by an initial fall in blood pre.ssure (to 105 to 112 mm. Hg), 
smaller blood loss figures, and shorter survival times. Both of the barbiturate 
groups showed a progressively poorer response to transfusion in the interval 
after the last bleeding. With pentothal, all of the dogs collapsed spon- 
taneously and none was reversible Avith infusion. 

When ether or barbiturate anesthesia was employed, extreme care Avas 
required in estimating the maximal blood loss. This Avas especially true Avith 
ether, Ai'^here the loss of as little as 4 to 5 c.c. of blood per kilogram in excess 
of the omental end point frequently resulted in the sudden collapse of the 
animal. 
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cacli ancsllictic proccduro, a charaetoristic vaiip:e of blood ])ressui-e 
levels was mainlaincd for a variable time after maximal blood loss betore col- 
lapse ensued. This is referred to in Table II as '‘critical blood ijrc.ssure” and 
represents a blood pressure range below Avbieh the condition of the dog rapidly 
deteriorated. 

Inadequacy of Blood Pressure as a Circuhtlory Criierwn. — Blood pre.ssurc 
proA'cd to he the lea.st reliable of all the circulatory criteria employed. Follow- 
ing equivalent blood loss, the fall in blood prcssui’c A'aried considerably from 
animal to animal so that no accurate correlation could be made between the 
blood pressure Ica’cIs and blood lo.ss during ane.sthcsia with any one agent. 
Even less reliable Avere com])arison.s betAvecn blood loss aiid blood pressure 
during different anesthetic procedures (see Fig. 1). l^’or cxam])le, Avith hemor- 
rhage of 3.5 per cent (Table 1), the blood pi’essurc Avith abdominal field block 

PERCENT DROP IN BLOOD PRESSURE FROM INITIAL LEVEL 



Fig. 1 — Dotted vertical lines in each group indicate Bnal bleeding. Clianges during bleeding 
are shown to the left of the line and those occurring after Hnal bleeding to the right 

Avas 75 mm. Hg; Avith cyclopropane, 110 mm.; and Avith pentobarbital, 54 mm. 
Further evidence of the unreliability of blood pressure levels was obtained by 
comparing two dogs Avith similar blood pressures under the same anesthesia. 
After being given pentothal and bled 3.0 per cent, Dogs 126 and 138 both had 
blood pressures of about 85 mm. In spite of this, their other circulatory data 
reA'ealed a markedly dissimilarity. 

Blood pressure readings Avere also not a reliable index of the dogs’ ability 
to AVithstand further hemorrhage and did not serve as a prognostic indication 
of surAUAml time. For example, animals during ether or pentothal anesthesia 
usifally showed blood pressures of 85 to 95 mm. folloAving the last bleeding. 
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This criterion by itself indicated no immediate danger of circulatory collapse. 
However, not only was further bleeding contraindicated, but most of these 
animals died within forty to eighty minutes. In the groups receiving procaine 
and morphine, comparatively low blood pressure levels (35 to 50 mm.) were 
reached before maximal blood lo.ss Avas attained. The Ioav blood pressures 
alone Avould have condemned further hemorrhage and indicated a short sur- 
vival time. Actually, these dogs tolerated additioual blood loss up to 1 per 
cent of body Aveight and Avere among those Avhieh surAuved longest. 



Fig. 2. — structural pattern of a typical unit. Xomenclaturo and distribution of muscular com- 
ponents are indicated. 


During each bleeding the blood pres.sure dropped abruptly to very Ioav 
levels. When bleeding Avas discontinued, this condition Avas succeeded by an 
immediate increase in blood pressure. The rate and height of this rebound 
varied AAdth the anesthetic agent used. The loss of this compensatory rebound 
in blood pressure usually occurred as the dogs approached their maximal blood 
loss. 

Peripheral Circulatory Criteria. — Previous studies^^'^^ on the circulatory 
changes in hemorrhagic and tourniquet-induced shock haA'e demonstrated that 
the specific reactions of the different components of the capillary bed are suf- 
ficiently pronounced to serve as criteria for identifying progressive stages in 
the syndrome (see Pig. 2 for terminology). The degree to AA^hieh the periph- 
eral blood A'essels participate in the compensatory reaction folloAving blood loss 
is reflected in the adequacy of the Aoav through the capillary bed, that i.s, rate 
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of flow and the ability to restrict the circulation to the most direct, capillary 
channels. 

The peripheral mechanism restricting the blood flow to certain cbannels 
of the capillary bed is tbc maintenance of an augmented vasomotion of its mus- 
cular components. Vasomotion consists of a periodic contraction-relaxation 
cycle of muscular metarlerioles and precajiillarics. Such vasomotion, by con- 
trolling the patency of the centrally located vascular channels and their 
branches, conditions the distribution of blood through the entire capillary net- 
worlr. Loss of vasomotion results in an overlilling of the bed. 

The reactivity of the smooth muscle elements of the capillary network was 
studied by noting their reaction to epinephrine to])ically applied. The minimal 
efileetive concentration of epinephrine was determined for each dog prior to 
bleeding by applying the drug to the .surface of the omentum and noting the 
concentration Avhich produced a narrowing of the metarteriolcs ,iust sufficient 
to slow capillary flow. 

Eai'ly in this study it was observed that variations in the peripheral cir- 
culation occurred simultaneously with changes in the depth of anesthesia. For 
this reason it was found essential to maintain the dogs consistently in the 
upper first plane of surgical anesthesia. Despite this, the different anesthetic 
agents produced characteristic differences in the normal peripheral circulation. 

Variations in United Dogs With Different Anesthetic Agents . — ^Blood flow, 
except in the pentothal and ether groups, was rapid and periodically became 
restricted. With pentothal and ether, flow was rapid but not restricted. 

With ether and pentothal, vasomotion was slowed and in some instances was 
not present. During cyclopropane anesthesia, vasomotion was more active than 
in the controls, while in those dogs given morphine no difference from the con- 
trols was noted. The dose of pentobarbital caused a slight diminution of 
vasomotion. 

The morphine and control groups showed comparable epinephrine reac- 
tivity, the minimal effective concentration being between 1 part in 3 million 
and 1 part in 6 million. In the pentothal and cyclopropane groups high reac- 
tivity was noted, ranging from 1 part in 10 million to 1 in 20 million. Ether 
and pentobarbital anesthesia lowered the reactivity (1 :2 to 4 million) below 
that of the control group. 

Omental Blood Flow as an Index of Circnlaiory Efficiency . — The feature 
which most accurately reflected the condition of the animal following hemor- 
rhage was the ability to maintain an effective capillary blood flow. Blood loss 
up to 2.5 per cent had no significant effect on capillary blood flow in any ex- 
periment. The effect on the peripheral circulation was restricted to a narrow- 
ing of the large muscular arteries to about one-half their original diameter and 
a less marked narrowing of the accompanying veins. With more severe blood 
loss, slowing of the capillary flow occurred during each bleeding and was suc- 
ceeded by a partial restoration of the former rate of flow. As blood loss 
approached maximal volumes, blood flow in the larger vessels was consider- 
ably slowed, while that in the capillary bed showed a transient stagnation. 
When maximal blood loss was attained, the entire peripheral flow ceased dur- 
ing the bleeding. 

Fig. 3 depicts the progressive changes in blood flow resulting from hem- 
orrhage during the different types of anesthesia. The least disturbance in 
blood flow occurred in those groups (procaine, cyclopropane, morphine) which 
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had the highest blood loss figures. The omentum became relatively ischemic 
as a result of the extreme vasoconstriction of the larger vessels. Hov'ever, 
the capillary blood flow remained comparatively rapid by virluc of the re- 
striction of the circulation to the mo.st direct capillary channels. Under these 
conditions, the venular outflow remained adequate even at blood pressures as 
low as 35 to 40 mm. 

Those groups which showed poor tolerance to bleeding developed an in- 
adequate capillaiy circulation soon after maximal blood loss. During ether 
anesthesia, blood flow slowed sooner than during any other type of anesthesia. 
A unidirectional flow through the larger ve.ssels persisted up to the point of 
maximal blood loss. The pentothal group showed an abrupt deterioration of 
capillary blood flow soon after reaching maximal blood loss. Capillary flow 
never developed the same degree of restriction as in the controls. A progres- 
sive decrement in capillary flow occurred in the pentobarbital groxip aftei’ the 
third bleeding (3 per cent). 


BLOOD FLOW IN CAPILLARY BED 



Fig. 3. — Changes in rate of blood flow are indicated by extent of deviation below norrnal 
base line. Dotted vertical lines indicate average maximal blood loss. N, normal distribution 
of circulation ; R period of restricted capillary flow ; and U, unrestricted, with a loss of ability 
to confine flow to central channels. 


With ether, pentobarbital, and pentothal, spontaneous collapse occurred 
in almost all the dogs twenty to ninety minutes after the final bleeding. Th® 
incipient circulatory failure was detected in the omentum by the development 
of stagnation in many of the capillaries and venules and by the occim’eiieetof 
backflq.w from the larger veins. Spontaneous, pqjlapse occurred onlyin;>a Small 
percentage of the dogs, given procaine and cyclopropane. In instances;jwlierfi 
is p^qcurrefl, the collapse was sudden, ndth no, previous evidence of-, calpillary 
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stagnation, an adoqnato capillary How being maintained to within five to ten 
minutes of death. In the morpliine grou]), spontaneous eollai)se oeeurred in 
60 per eent of the animals. Omental blood How in these sliowed only a mod- 
erate slowing to within fifteen to twenty minutes of death. 

Vasomotion FoUowiu;/ llcmorrluKjc. — Fig. -t j)i'esent.s diagrammatieally the 
ehanges in vasomotion following bleeding witli the use of A'ai'ious anesthetic 
procedures. The phenomenon of va.somof ion in the capillary eireulation is the 
counterpart of vasoeonstrietion in the larger i)erij)heral blood ve.ssel.s. Both 
mechanisms appear almost simultaneously following hemorrhage. In this study 
the degree of narcosis utilized Inul no demonstrable en'eets on the vasoeonstric- 
tion of .the larger omental blood ve.ssels. However, the different anesthetic 
agents did modify the amount of va.somotion i)rior to and following hemorrhage. 


VASOMOTION IN CAPILLARY BED 



Pig. 4. — Dotted vertical lines indicate final bleeding. 


In the control group, A^asoinotiou recurred periodically at approximately 
one- to three-minute intervals. Within five to ten minutes follotving a 2 per 
eent blood loss, the constrictor pha.se of vasomotion began to ijredominate. 
Within twenty minutes its periodicity had increased to about one cycle every 
twenty seconds. This type of activity iiersisted tliroughout the experiment, 
that of the precapillaries becoming especially prominent. As a result, a con- 
tinuous blood flow was restricted chiefly to the metarterioles and the central 
channels connecting them directly with the venules. The capillaries, most of 
which arise as side branches of these central channels, levealed only a sporadic, 
intermittent flow. 
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In the members of the group subjected to cyclopropane, an augmented 
vasomotion became evident soon after the onset of bleeding and, as in the 
controls, this activity was maintained throughout the period of observation. 
Dogs given morphine rapidly deA'eloped, after bleeding, an augmented vaso- 
motion, -which then decreased gradually and returned to its original level soon 
after maximal blood loss was reached. 

The group receiving pentobarbital showed first a progressive increase and 
then a slow decrease in vasomotion OA'er a three-hour period. Within thirty 
minutes after maximal blood lo.ss Avas reached, vasomotion had disappeared 
completely. As previously mentioned, pentothal and ether anesthesia damp- 
ened vasomotion eA*en prior to hemorrhage. When pentothal Avas used, A’aso- 
motion did not increase to the extent noted in the control group until a blood 
loss of approximately 3.5 per cent had been attained. It Avas then maintained 
at a high level until just folloAving maximal blood loss, at Avhich time it de- 
teriorated rapidly and disappeared completely Avithin forty-five minutes. Blood 
loss during ether anesthesia resulted in a moderate increase in vasomotion for 
about sixty minutes. Vasomotion then fell progressh'ely to .subnormal IcA’els, 
being completely absent approximately tAventy minutes after the last bleeding. 

The persistence of active A-asomotion Avas closely related to the mainte- 
nance of an adequate capillary circulation. When the blood floAv was slowed 
sufficiently to impair the venous outfloAV from the capillary bed, vasomotion 
rapidly disappeared. The loss of A-asomotion occurred earliest during pento- 
thal and ether anesthesia. In the pentobarbital group, its loss Avas more 
gradual. Dogs given morphine did not develop a sloAved blood floAV to the 
degree obtained Avith ether, pentothal, or pentobarbital, and never completely 
Tost their vasomotion. In the control and cyclopropane groups, in Avhich capil- 
”y flow remained adequate, an augmented vasomotion persisted throughout. 
I ' Epinephrine Reactivity Following Hemorrhage. — An attempt AA’as made to 
-^'quantitate changes in the peripheral A'ascular bed during hemorrhage by study- 
ing the response of its muscular components to minimal concentrations of 
epinephrine. During hemorrhage the peripheral muscular components reacted 
to progressively smaller concentrations of epinephrine, topically applied. The 
increased reactiA-ity Avas eA-idenced both by a response to extremely Ioav dilu- 
tions and by a longer and more intense constriction. The significant feature, 
as noted in Pig. 5, Avas not the actual increment in reactmty to epinephrine 
but the persistence of this response with increasing blood loss. 

In the control group, hemorrhage resulted in a progressiA'e increase in 
epinephrine reactmty from a concentration of 1 part in 5 million to as high 
as 1 part in 50 million. Dogs given morphine closely resembled the controls 
except that their reaetiAuty after hemorrhage increased only sixfold as against 
tenfold in the controls. Cyclopropane and pentothal brought about the largest 
proportional increase in reactivity follorAung hemoi’rhage, despite the faet that 
the initial Amlues prior to blood loss AA'ere two to three times higher than those 
of the controls. Dogs recehing pentothal shoAved an abrupt, rapid decrease 
in their epinephrine response. This occurred soon after maximal blood loss 
and a marked sloAving in eapillary flow, as noted in Pig. 3. In contrast, during 
cyclopropane anesthesia, Avhere capillary blood floAv remained adequate, the 
reactmty Avas maintained throughout. The ether and pentobarbital groups 
exhibited a progressive decrease in epinephrine response in the interval after 
the last bleeding. 

In general, a decreasing opinephrine reaethdty occurred in the same ani- 
mals which shoAved a decreasing Amsomotion, although the tAvo processes did 


ZWKIPACII ET AL. : ANESTHETIC AGENTS IN CIRCULATORY REACTIONS 59 


not closely parallel each other. When both criteria were subnormal, the prog- 
nosis for recovery was poor. Infusion at this time resulted in a relaxation of 
the larger arteries and a passive dilatation of the muscular components of the 
capillary bed. 

Analysis of Blood Samples . — The omental circulatory criteria were corre- 
lated with changes in venous oxygon, blood uric acid, and the presence of vaso- 
cxcitors and vasodepressors in the blood. 

Tciioifs oxygen: The normal values listed in volumes per cent in Table I 
varied someAvhat with the anesthetic procedure, being lowest in the morphine 
and control groups, which rcccivi^d no oxygen. Therefore, for purposes of 
comparison, the venous oxygen data were considered as fractions of the nor- 
mal, rather than as volumes per cent. This procedure was valid since there 
were no' actual differences in any of the other criteria studied referable to the 
administration of oxygen. 


EPINEPHRINE REACTIVITY OF OMENTAL VESSELS 
FOLLOWING HEMORRHAGE 



REACTIVITY EXPRESSED AS I . N X lO"® 

Fig. 5. Minimal effective concentrations of epinephrine, topically applied, indicated as 1 :n 
X 10^ Dotted vertical lines indicate final bleeding. 

lu all experiments, regardless of the anesthesia, as hemorrhage increased 
there Avas a progressive decrease in Amnous oxygen until, folloAving maximal 
blood loss, an abrupt decrease to minimal values occurred. The gradual de- 
crease reduced the oxygen to one-half to one-third its original Amlue, and the 
ensuing abrupt decline brought it to one-eighth to one-tenth of normal. In 
actual volumes per cent, these critical Amlues ranged from 1.5 to 3 . 5 . Dogs 
falling beloAv this level invariably died. The point in the syndrome at Avhich 
the abrupt fall in venous oxygen occurred, folloAved by a variable period (ten 
to forty minutes) the onset of capillary stagnation in the omentum. No evi- 
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dent relationship was found between the level of venous oxygen and the de- 
terioration of vasomotion and epinephrine reactivity. 

Blood uric acid: As noted in Table T, the normal uric acid values in all 
experiments ranged from 0.8 to 2.1 mg. per cent. The highest values were 
obtained during pentobarbital anesthesia, in which the uric acid increased 
from 1.0 to 4.5 to 4.7 mg. per cent, a four- to iivcfold increase. In all other 
groups, the uric acid levels increased two- or threefold, reaching 2.4 to 3.5 mg. 
per cent folloAving hemorrhage. As a rule, the largest proportionate increase 
in uric acid was obtained in those animals Avhieh became refractory to trans- 
fusion, that is, those given pentothal, pentobarbital, and ether. The smallest 


ANALYSIS OF BLOOD SAMPLES FOLLOWING HEMORRHAGE 
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Fig. 6. — Presence of vasoexcitor and vasodepres.sor substances in blood samples. Blood uric 

acid values are average flgui-es. 

relative increase occurred in the cyclopropane and control groups. Dogs re- 
cemng morphine showed an intennediate increase in blood uric acid values. It 
should be noted that blood uric acid levels rose most in those instances in 
which the omental circulation Avas poorest, increasing progressh'^ely as periph- 
eral blood floAv sloAA'ed. The only positive correlation betAveen blood uric acid 
IcA'^els and other criteria studied Avas found to exist in dogs Avhose blood samples 
exhibited vasodepressor properties. As indicated in Pig. 6, such dogs invari- 
ably showed' the highest uric acid levels. 

f Rat -Mesoappendix Test for Vasoexcitors and Vasodepr-essors in Blood . — In 
con^uhetion Avith a preA’ious general study of changes in the peripheral circu- 
lation in the-'shock sjmdrome, a test Avas dcAused for the detection of reactive 
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substances in llio blood stream.** This earlier study revealed the presence of 
“toxic” sub.slances in tlie blood of doss subjected, durins nioi-pbine or penlo- 
barbital anesthesia, to beinorrbas'c si">ded so ns to induce a state in ■\vliicb the 
animal became irreversil)le to infusions of previously lost blood, d’ho rat 
mesoappendix test was peiTorined by the intravenous in.ieetion of 0.5 c.c. of 
heparinized plasma or scrum derived from blood .samples, removed at intervals 
during the experiment, {samples from unbicd dogs had no efi’ect on the capil- 
lary circulation of the rat mesoappendix other than a transient speeding of 
blood tlov. Sam])les withdrawn after hemorrhage reproduced in the circula- 
tion of the test rat changes similar to those observed in the omentum of the 
.shocked dog. A’asoexcitor substances were associated with the initial blood 
loss and vasodepressors appeared when the omental circulation evidenced 
deterioration." 

Similar tests on the rat mesoappendix were i)erformed in this scries (Vig. 
6). When injected into the te.st rat, blood .‘Jamples from animals in the control 
group gave vasoexcitor responses in the mesoai)pendix. This effect appeared 
soon after the first bleeding, and per.si.sted throughout the experiment. No 
vasodepressor i'e.sponsc was obtained, even in the three dogs that died. The 
rat mesoappendix responded in e.ssentially the same manner to blood samples 
from dogs given cyclopro])aue. Tn the morphine group, vasoexcitor responses 
were elicited by samples taken shortly after initial blood loss, I’liis type of 
reaction -was obtained until the blood lo.ss reached 3.5 ])ei’ cent, aftei’ which 
the blood samples became uonreactive or neutral. In the previously reported 
study.® vasodepi-essors did appear in the blood of dogs given moi-phine, after 
they bad been maintained in extreme hypotension (40 to 45 mm.) by support 
with repeated small infusions. Kesults in the pentobarbital groups were e.s.sen- 
tially the same as previously imported. Vasodepressors appeared within forty- 
five to ninety minutes after maximal blood loss was reached. Dogs during 
ether anesthesia showed the earliest appearance of vasodepressor in the blood, 
fifteen to twenty minutes after a 2.5 to 3.0 per cent blood loss. .Samples from 
dogs receiving pentothal elicited the most pronounced Amsoexcitor response. 
Vasodepressor reactions appeared suddenly after the hemorrhage had reached 
3.5 per cent. As a result, blood samples taken thirty to forty minutes after 
maximal blood loss showed the presence of both vasoexeitors and Amsodepres- 
sors. In instances Avhere pentothal animals did not collapse until two hours 
after maximal blood loss, blood samples taken just prior to collapse produced 
onlj'^ vasodepressor responses. In general, it Avas oliseiwed that Amsodepressors 
appeared in the blood aliout the time that the omental circulation began to 
deteriorate. ' 

DISCUSSION 

An adequate evaluation of the factors operating in the shock syndrome 
must of necessity take into account the changes introduced by anesthesia, a 
hitherto neglected Amriable. This is especially true in comparing data of ex- 
periments carried out during different types of anesthesia. E-Amn though a 
considerable portion of the experimental Avork in general has been on animals 
receiAung barbiturate anesthesia, standardization is not possible since the bar- 
biturates differ in their pharmacologic action, in the duration of their actiAuty, 
and in the site and rate of detoxification. Previous attempts to evaluate the 
of certain anesthetic agents in shock®’ did not use criteria which 
Avere sufficiently accurate indices of the progre.ssiA'e nature of the .syndrome. 
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This feature has been overcome, to a considerable degree, in the present study 
by the utilization of characteristic changes in the activity of the capillary bed, 
a portion of the vascular tree directly involved in the circulatory collapse. 

The present study has shown that dogs subjected to a controllable and 
standardized type of hemorrhage pi'csent well-defined diiferences in their cir- 
culatory reactions, depending upon the anesthetic agent used. Objective evi- 
dence for this was obtained by employing the peripheral circulation of the 
omentum as a criterion. Had emphasis been placed solely on the other criteria 
presented, clear-cut evidence would not have been available until the tm-minal 
phases of the sjmdrome had been i-eaehed. 

Omental blood flow was the single criterion which could be used by itself 
to evaluate the general status of the animal at any stage in the syndrome. The 
rate of flow alone provided an excellent visual prognostic guide. In addition, 
a critical estimate of the basic features underlying peripheral circulatory 
failure was obtained by recording changes in the functional integrity of pe- 
ripheral vascular mechanisms. These mechanisms include vasomotion, reac- 
tivity of the muscular elements, patterns of distribution of blood flow through 
the capillary bed, degree of constriction in the arteries feeding the bed, state 
of tone of the venous vessels, and adequacy of the venous outflow from the bed. 

As a basis for comparing the influence of different anesthetic agents, use 
was made of the eirciilatory changes in animals regarded as unanesthetized 
controls, their only anesthesia consisting of local infiltration of procaine. 
These changes were remarkably uniform and proved to be an especially satis- 
factory set of controls. Bleeding, in these animals, resulted in a compensatory 
vasoconstriction of the larger omental arteries and the development of in- 
creased vasomotion in the capillary bed. This hjqDer-reactive state persisted 
r a period of five to six hours, at which time the dogs were sacrificed. 

'PS Each of the anesthetic agents investigated produced variations from the 
..-controls in one or more of the critei-ia .studied. Cyclopropane produced the 
least change in the peripheral circulatory dynamics. In addition, it was the 
only anesthetic agent which resembled the controls in maintaining a high level 
of peripheral compensatory reactivity throughout. It was significant that the 
controls and those receiving cyclopropane gave evidence of the least decrease 
in the efficiency of the peripheral circulation, showed the lowest experimental 
mortality, had the longest survival time, tolerated greatest hemorrhage, and 
responded best to replacement of lost blood. 

Evans^® in a recent publication states that the preferred anesthesia in 
shock is local procaine block or cyclopropane. An experimental study on dogs 
(using a thermocouple flowmeter) by Bennett, Bassett, and Beeeheri found, 
on a basis of changes in flow and blood pressure in the major blood vessels, 
that cyclopropane offered a wider margin of safety after hemon-hage than 
evipal or ether. The present study has presented further objective evidence 
for the value of cyclopropane anesthesia in hemorrhage by demonstrating that, 
of all the anesthetic agents used, it produces the least deleterious change in 
the peripheral circulation. 

Morphine, in the dose used, produced sedation but not complete anesthesia. 
This small dose brought about circulatory changes differing from those of the 
controls, especially a gradual decrease in capillary blood flow as maximal 
blood loss was attained. Although most of the morphine group was reversible' 
to transfusion, the condition of the circulation at the end of the experiment 
was poorer than that of the controls. Blalock^® offered evidence that unanes- 
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llictized dogs and those receiving 1 ing. per Icilograin of morphine sulfate had 
similar bleeding volumes. In the present study, dogs receiving morphine (2 
mg. per kilogram) resembled the controls only prior to hemorrhage and dur- 
ing moderate bleeding (< 3 per cent). When the. dogs n’crc bled more severely 
and maintained in extreme hypotension for an extended period (> 4 hours) 
they showed significant variations from the controls. 

The barbiturates and ether were lea.st .satisfactory from scA'cral points of 
view. The dogs receiving these drugs uniformly showed a markedly reduced 
blood flow as bleeding progressed. In addition to the mechanical slowing of 
flow through the, omentum, they showed a deterioration in the functional 
activity of the capillary bed. Such changes occurred while blood pressures 
were still relatively high. Dogs given ether or a barbiturate tolerated the least 
blood loss, had the shortest surviA'al time, the gi’catest experimental mortality, 
and the poorest response to transfusion, hkirthermore, they were the only 
groups to show the presence of vasodepressors in the blood, a feature previ- 
ously reported to be associated with irreversibility to transfusion.® 

Seeley, Essex, and IMann.’'' Kendrick,'" Beecher, McCarrell, and Evans," 
and Pender and Essex," in studies of shock time, death time, and hemoeon- 
centration during anesthesia with various barbiturates and ether, pointed oiit 
that the barbiturates were less deletei'ious than ether. The differences induced 
by various anesthetic agents, as established in the present study, confirm the 
observations of these authors on the barbiturates and ether. However, the 
present data indicate that, relative to the six anesthetic procedures studied, 
the effects of the barbiturates on the pei'ipheral circulation do not compai'e 
favorably with local, cyclopropane, or morphine anesthesia. 

In view of the marked differences introduced bj’^ the various anesthetic 
procedures, it was especially noteworthy that changes in blood pressure showed 
such poor correlation with any of the other criteria. The hazard of employ- 
ing blood pressure levels as an index of the condition of the animal was fur- 
ther emphasized by the wide discrepancy between the critical blood pressure 
levels with different types of anesthesia. Blood pressures of 80 to 85 mm. in 
the control, cyclopropane, and morphine groups were associated with a good 
peripheral circulation and comparatively healthy state of the dogs, while the 
same blood pressure range in the pentothal and ether groups was associated 
with poor peripheral circulation and incipient collapse. Moon and associates"" 
used a depressed mean blood pressure of 70 mm. to indicate the onset of shock. 
Beecher, McCarrell, and Evans,® in their report on the influence of anesthesia 
on experimentally induced hemorrhage in dogs, likewise used blood pressures 
of 70 mm. or below to designate the onset of shock. In the present study, this 
level corresponded to the critical blood pressure level of the ether group. With 
pentobarbital, a blood pressure of 70 mm. indicated a shock state in only a 
small percentage of the animals. Furthermore, as has been pointed out, in 
dogs subjected to procaine (local), cyclopropane, or moriihine this blood pres- 
sure level did not indicate a shocked state. 

The present experiments, by avoiding the introduction of many uncon- 
trollable factor's, sharply brought out the differences that could be attributed 
to anesthetic agents alone. Traumatic methods are difficult to control and to 
standardize because of the multiplicity of factors immlved. On the other hand, 
hemorrhage, carefully guided by simultaneous observations of peripheral blood 
floAv, provided a sensitive test method for evaluating both the shock syndrome 
and the effects due to anesthesia. 



Pender and Bssex^' reported a comparative study of traxnnatic shock dur- 
ing ether, pentobarbital, and pentothai anesthesia. Tlieir results, based on 
hemoconcentration, blood pressure, and survival time, indicate that pentobar- 
bital is least deleterious, pentothai next, and ether considerably the worst. 
In the present study, with blood loss up to 3 per cent of the body weight, dogs 
receiving pentothai favorably resembled the controls, except for an early de- 
pression of vasomotion. With a more severe hemorrhage, however, these dogs 
showed a rapid deterioration of the peripheral circulation as marked as that 
of dogs receiving ether. Both these groups ultimately showed the severest 
disruption of the peripheral circulation and proved to be the most difficult to 
recover with transfusion. Although dogs in the ether group .showed circula- 
tory distiirbances earlier, thej' did not deteriorate as rapidl 3 ’ as dogs in the 
pentobarbital or pentothai grou])s. Terminally, there was little difference among 
these three anesthetic procedures. 

Beecher, iMeCarrell, and Evans® and Pender and Essex’" pointed out that 
the administration of oxygen throughout their experiments resulted in no ob- 
vious differences between dogs which received oxj'gen and those which did not. 
Findings in the present stud.v demonstrate no differences in the cii’culatory 
criteria after blood loss, although the administration of oxygen considerably 
elevated venous oxygen content. 

Use of the described bleeding technique resulted in the spontaneous col- 
lapse of a definite percentage of dogs in each group. The majoritj’- of the dogs 
subjected to ether, pentobarbital, and pentothai anesthesia collapsed sponta- 
neously within five to six hours. Their collapse was accompanied by a pro- 
found alteration of the peripheral circulation and by the appearance of vaso- 
depressors in the blood. The lowest mortality oceuri-ed in the control and 
c.vclopropane series. Mortality was slightly higho- witli jnorphine. All of 
these deaths occurred abruptly, with no previous disruption of the omental 
^circulation and with no evidence of vasodopre.ssor substances in the blood. 
It is therefore suggested that the barbiturates and ether predispose tlie dogs 
to circulatory collapse which may be due to the introduction into the blood 
stream of vasodepressor substances that interfere with the normal functional 
activity of the muscular components of the capil1ar,v l)ed. 

SUMMARY 

Peripheral circulatory studies were made on dogs subjected to a stand- 
ardized bleeding procedure during six different anesthetic procedures: pro- 
caine (local infiltration), morphine sulfate, cyclopi-opnne, ether, pentobarbital, 
pentothai. 

1. Blood Loss . — Dogs subjected to local or cyclopropane anesthesia tolerated 
the greatest blood loss. Those given barbiturates withstood the least. 

2. Blood Pressure . — Blood pressure levels following equivalent blood loss 
differed considerably with each anesthetic agent and were found to be the least 
reliable of the cii’culatory criteria used. 

3. Blood Flow . — Blood flow reflected most accuratel.v the general condition 
of the animal. The most efficient blood flow after hemori'hage occurred in dogs 
subjected to local or cyclopropane anesthesia. Dogs given ether showed the 
poorest blood flow after hemorrhage. 

4. Vasomoiion . — After hemorihage, vasomotion, a functional aspect of the 
peripheral circulation, was maintained in an augmented slate in dogs given pro- 
caine, cyclopropane, or morphine. It was depressed by pentothai and ether. 
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5. ICpincphrinr JicacJivilu. — 1)o"s roceivin}? local or cyclopropane ancslliesia 
inainlaincd the hyper-voaelivily which clcvcloiietl after the initial hleedin". With 
the other anesthetic a^rents the epinephrine response became subnormal, dogs 
given pentobarbital, morphine, and ether showing a gi-adual decrement and 
those given pcntolhal an abru])t fall. 

6. Venoia; Oxifgot . — ^^^enons oxygen fell in all the cases. 

7. Blood Vne Acid. — ^I^lood uric acid .showed a gradual increment in all 
in.stanees, being greatest in those dogs i)-reversiblc to transfusion. 

8. Bai McsO(tppcndi.r, Tesi. — ^^'asodepre.ssol•s were found after hemorrhage in 
the blood of dogs given ether, pentobarbital, and pcntolhal. 

CONCnUSION 

The peripheral cii'Culatory dynamics in dogs subjected to cyciopi'opane 
anesthesia were found to apj)roach most closely those of controls receiving 
local anesthesia. The use of barbiturates and of ether re.sulted in marked 
deviations from the controls and the devclopjuent of a state refractory to blood 
replacement thei-apy. 

We are indebted to Mr. L. Dzlomcy for Ids vnlualde teclmiciil iissistnnco. 
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PULSION DIVEETICULUJI OP THE HYPOPHAEYNX AT THE 
PHAEYNGO-ESOPHAGBAJj JUNCTION 


SuRGiCAb Treatjient IN 140 Cases®' 

Stuart W . Harrington, 3LD.t 
Eochester, Minn. 

T he occurrence of a diverticulum at the pharyngo-esophageal Junction which 
obstructed deglutition was first observed by Ludlow' in 1767. Since that 
time this condition has been of considerable general interest to anatomists, 
phj'-siologists, clinicians and roentgenologists, and particularly to surgeons, since 
operative treatment is tlie only treatment that will correct the condition and 
relieve its sjonptoms. 

A diverticulum can occur in any part of the pharynx and esophagus. Since 
Eokitansky’s^ description of traction diverticula in 1840, they have been classified 
into two general types: pulsion diverticula and traction diverticula. Pulsion 
diverticula are most commonly situated in the hypophaiynx close to tlie junction 
of the pharynx and the esophagus and are often termed “phaiyngo-esophageal 
diverticula.” This tenn probably is incorx'eet from a strictl}^ anatomic stand- 
point, for two reasons: (1) Since this abnormality rarely has a muscular coat, 
it is not a true diverticulum and may be more correctly termed a "sacculation.” 
(2) It is essentially a herniation of the mucous membrane through the muscular 
wall of the pharynx and not through the wall of the esophagus. However, since 
the site is close to the pharyngo-esophageal junction and since most of the symp- 
toms are referable to the esophagus, the terai "pharjaigo-esophageal diver- 
'■ ticulum” is veiy desciiptive. The term "pharyngeal diverticulum” should be 
reserved for those rare lesions that occur in other pails of tlie phaiynx. Pulsion 
t diverticula also occasionally develop in the lower esophagus just above the 
' diaphragm. The diverticulum that occurs most frequently in the esophagus, 
however, is the traction type and its most common site is the middle third of tlie 
esophagus. Esophageal diverticula udll not be considered in this paper. 

The site of origin of pulsion diverticula at the pharyngo-esophageal junc- 
tion has been the subject of much discussion and considerable difference of 
opinion as to whether they originate in one or more regions. Maes and Mc- 
Petridge® stated tliat they always occur at the same point in the posterior wall 
of the pharynx directly back of the cricoid cartilage at the junction of the 
pharynx and the esophagus. Lahey’ stated that they occur at two points 
through the mid-posterior wall of the pharjuix: (1) through a region beneath 
the lowest fibers of the inferior constrictor muscle and (2) at the pharjmgo- 
esophageal dimple, the defect in the posterior wall where the ci’icopharyngeus 
muscles diverge from the lowest fibers of the inferior constrictor muscle. Shal- 
low® gave three sites of origin, the first being tlie most common: (1) the com- 
monty described area above the cricopharjmgeus muscle either on the right or 
left side, more frequently on the left, (2) the Killian- Jamison region on the 
posterolateral wall of the pharynx below the crieopharyngeus muscle and above 
the circular fibers of the esophagus, and (3) through the lower portion of the 
inferior constrictor muscle. 

Keceived for publication, March 16, 1945. 

♦Bead at the meeting of the Western Surgical Association, Chicago, 111., Dec. 1-2, 1944- 
tDivision of Surgery, Mayo Clinic. 
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iiAnuiKOTON: puhsiox DivnimcuiiTJAi or uvroriiAitYNX bi 

I have had the opportunity of studying six speeimens removed at necropsy 
in cases in which the ]iationts died of other causes. Tlic opening in three in- 
stances was through a defect in the loft posterolateral wall of the ])harynx be- 
tween the inferior constrictor and ci'ioopharyngeus muscles. In one instance 
the opening was in a similar position on the right side and in two the opening 
was posterior through the lower fillers of the cricopharyngeus muscle above the 
esophagus. Three of these specimens, each showing one of the three different 
site.s of origin of the divcrticnlnm, arc shown in Fig. 1. 

Determination at operation of the exact site of origin of a diverticulum 
passing throngh the muscular wall of the pharynx often is difficult, particularly 
if the diverticulum is large and lias a large opening. However', the origin of 
smaller ones can be established fairly accurately. In tlie 140 cases in which I 
have operated, diverticula were found in four dilTerent regions in the posterior 



and lateral pharyngeal walls, as follow,s: (1) left posterolateral wall between 
the inferior constrictor and cricopharyngeus muscles, (2) right posterolateral 
wall between the inferior constrictor and cricopharyngeus muscles, (3) midline, 
posterior wall, beneath the median raphe of the inferior constrictor muscle and 
above the cricopharyngeus muscle, and (4) midliue, posterior wall, through or 
immediately beneath the ericopliarjoigeus muscle above the esophagus (Figs. 2, 
3, and 4). 

In one case in this series there were two diverticula One, which was of 
moderate size, originated from the left posterolateral wall between the inferior 
constrictor and cricopharyngeus muscles, and the other, a smaller diverticulum, 
originated from the right posterolateral wall of the pharjuix. 

There is considerable difference of opinion as to the cause of pharyngo- 
esophageal diverticula. 

Their fairly constant location suggests congenital origin, although they 
usually do not occur in more than one member of a family. In the 140 cases 
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in Avhicli I have operated, a diverdicnlnm in another member of the family was 
noted only twice. In one instance tljc patient.s were mother and son, and in the 
other, father and son. 

The uniform re]ation.ship of the ci-icophar.\'ngens muscle lo the site of 
herniation suggests that some congenital malformation of the attachments of 
this muscle may ])c a causative factor. The crico])haryngeus muscle, wdiich is 
attached to the cricoid cartilage anteriorly l)y an elastic aponcuro.si.s, is the 
chief closing muscle of the esophageal opening. If some malformation of this 
muscle exists, it may perform its function satisfactorily during early life. How- 
ever, the elastic tissue attachments weaken with abnonnal stre.ss and atrophy 
of increasing yeans, and a herniation may develoj) as the result of constant and 
increasing pressure on this congenitally weak region. The foregoing theory was 
suggested by the average age of patients of this series, which is 57 years. 



' Pig. 2. — Pour sites of origin of phar\-ngo-csophagcal diverticula as found at operation: 

(1) left posterolateral wall between the inferior constrictor and tbo cncopharyngeus muscle; 

(2) right posterolateral wall between the inferior constrictor and tlio cricopliar.vngeus muscle 
, (1 and 2 shown in n) ; (3) niidline, posterior wail, beneath the median raplie of the inferior 
' constrictor muscle and above the cricopharyngeus muscle (shown in h) : (4) midiine, po.s- 
, ■ terior wail, through or immediately beneath the cricopharyngeus muscie above tlie e.sopliagus 

(shown in c). 

In respect to the average age of patients and cause, pharyngo-esophageal 
diverticula ai-e somewhat analogous to diaphragmatic liernias through the eso- 
phageal hiatus. The average age of patients who have a diaphragmatic hernia 
through the esophageal hiatus is 55 years. These hernias may be caused by 
atrophy of tlie diaphragmatieo-esophageal membrane whieli is an elastic tissue 
aponeurosis that compensates for a congenitally large esophageal hiatus until it 
atrophies from increasing age and stress. 

Manj^ other theories have been advanced to explain the cause of pharyngo- 
esophageal diverticula. These theoi-ies include nenromuseular in-eo-ordination 
during the act of swallowing ; a physiologic basis, that is, increased pressure on 
the posterior wall of the pharynx; and muscular deficiency at Ihe points of en- 
trance of nerves and blood and lymphatic vessels through the muscles of the 
postei’ior wall of the phaiynx. It is probable that muscular deficiene,y is the pre- 
di.sposing cause and that other factors are the inciting element. This would tend 
to explain whj'^ the symptoms are progressive and usuall.y do not present definite 
form until the patient has reached middle age. 

In this series of 140 eases, 107 patients were men and 33 were women. The 
ages of the patients varied greatly, the oldest lieing 80 years of age and the 
youngest being 34. The average age was 57 years. Seven patients were between 
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Fib- 3. — n, Two diverticula, one from the left and one from the riKlit posterior wall of 
pharynx. The left diverticulum, which originated between the inferior constrictor and the 
cricopharyngeus muscle, was removed by a one-stage operation through n left cervical ap- 
The small diverticulum on tito right was not removed, h, Diverticulum in the right 
^steroiateral wall, originating between the inferior constrictor and the crlcophatyngous 
muscle, removed by one-stage divertlculoctomy through right cervical approach. 



. , FIb- t- — n. Large median diverticulum originating beneath the median raphe of the in- 
leiior constrictor muscle posteriorly, removed by one-stage diverticulectomy through left cervi- 
»i , b. Large median type diverticulum extending into mediastinum and originating 

tnrough the lower fibers of the cricopharyngeus muscle above the esophagus, removed by one- 
stage clivcrticulcctomy tlirough left cervical approacli. 
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the ages of 30 and 39 j^ears ; twenty-five between 40 and 49 years ; fifty-seven be- 
tween 50 and 59 yeai-s; thirty-eight between 60 and 69 years; eleven between 
70 and 79 years, and two patients were 80 years of age. 

CLIKIG.VL MAKirEST.VTIOXS 

The clinical manifestations of pharyngo-esophageal diverticula vary as to 
type, duration, progress, and severity. The sjonploras are progressive, depend- 
ing on the type of .sacculation as w’ell as on the rapidity with wJiich it increases 
in size (Pig. 5). 



' F)k. 5 — Progressn'e development of pharj’ngo-esophageal diverticulum, a, First admis- 
eion, 1927: moderate-sized dnerticuUim causing model ate .symptoms. Patient refused opera- 
tion. &, Second admission, 1936 dncrticulum had increased about three times m size in the 
intervening nine years, causing symptoms of retention of food and partial obstruction of the 
esophagus Patient consented to operation. 

In 80 per cent of the 140 eases in this series the .syinptom.s ivere vague and 
indefinite at onset and were slowly progre.ssive. In 20 per cent of eases the 
symptoms were more rapid in progress and severity. Tlie duration of s.vmptoms 
was from one to twenty-five years, the at erase duration before operation being 
approximately five years. This difference in the rate of progress of sj'mptoms is 
more related to the character of the neck than to the size of the sac. In many 
instances a relatively small diverticulum which has a small opening produces 
disabling symptoms, whereas a large diverticnium which has a large opening pro- 
duces relatively little distress and disability because the contents of the .sac 
can be more easili' emptied. However, rcgardle.ss of the size of the opening, the 
severity of the sjTnptoms increases ivith the size of tlie diverticulum, particularly 
after it becomes large enough to retain food and secretions. Ultimately, com- 
plete esophageal obstmetion may result. In this series, fifteen jpatients had 
marked obsti-uction and three had complete obstruction at the time'of admission 
to the clinic. In one of the latter patients, it was necessary to perform a pre- 
liminary gastrostomy for feeding but in the others it was possible to pass an in- 
dwelling stomach tube for preoperative feeding (Pigs. 6 and 7). 

The earliest symptom u.sually is dysphagia. There is a sensation yf a foreign 
body obstructing the normal process of swallovfing and food seems to stick in the 
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throat. Latei’, food and mucus are regurgitated. These symptoms do not occur 
until a definite sacculation is formed. Noi.sy deglutition and gurgling sounds 
in the throat, which result from tlic swallowing of air and the accumulation of 
food and mucus in the sac, often occur. Tf there is difficulty in regurgitating 
the food, pressure on tlic .side of the neck will often aid in emptying the sac. 



Fiff. 6. — Pharyngo-osophagoal diverticulum, median type, originating below the crico- 
pnaryngeus muscle, causing complete obstruction. Patient 80 years of age. Weight loss 
twenty “five pounds (11 kg.), n, Diverticulum extending into mid-mediastinum, h. Three days 
later, after introduction of indwelling stomach tube for feeding; residual barium in diverticulum. 
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After tile sac has become -wel] developed, its enlaffiement is more rapid than 
liefore because of the increased pressure from witiiin, wiiich is caused by the 
more or less constant retention of food and secretions. Tiie sac pu.shes downward 
and backward, between the prevertebral and the prctraelieal fascia, into the 
mediastinum, and may extend to the arch of the aorta. Progressive e.sophaKeal 
obstruction often oceui’s becau.se the enlarsinc: openin'r of the diveifieulum is 
pulled douTiward and forward and ohsfriiets the normal e.sopliajreal orifice. This 
orifice, which often becomes a narrow slit, may be pushed laterally. The portion 
of the upper part of the e.sophagu.s that Is in apposition to the divcrtienluni is 
flattened and distorted by direct pressure of tlie body of tlie .sac. Food enters 
the diverticulum fii'st and then overflows into the esophagus. Patients often 
spend houi-s at their meals in order ol obtain enonti:!! nonri.shment to .sustain 
life. The loss of weight may be great, one patient in this .serie.s haidng lo.st 100 
pounds (45.4 kg.) before admission to tlie clinic. 

The largest .sac found in this series filled the entire superior mediastinum and 
extended into the tight thoracic cavity. After its removal it held 825 e.c. of fluid. 
This patient had had .symptoms for fifteen years. For the last year lie had had 
marked I'etention of food in the divertienliim with increasing difficulty in taking 
.solid food. His diet had consisted chiefly of milk. Before he could get any food 
into the esophagus, he had to drink more llian one pint of milk. He reported 
that he ate and regurgitated food three or four times at a meal before he was 
successful in getting any appreciable amount of food into the c.sophagus. He had 
lost twenty -five pounds in the last three months. 

When a large sac that extends into the mediastinum is filled with food it 
produce.s marked pressure on the adjacent intrathoracic organs and causes a 
distressing sensation of fullness in the thorax, which often is associated with 
dyspnea, palpitation of the heart, and a sense of suffocation. Severe cough and 
choking spells frequently occur. Many times jiaticnfs lower their heads, as i.s 
cirsfomarj' in postural drainage, and then press on the .side of the neck in order 
. \to empty the sac. In some instances food may enter the ti’achea and cau.se 
, marked c' 3 *anosis. 

Repeated aspiration of food into the bronchi may result in bronchitis or 
^ bronchiectasis. In this .series of 140 cases, bronehiti.s was in’cscnt in nine 
cases, and bronchiectasis in four. Associated hoarseness of tlie voice also occurs. 
This is caused b.v pressure or inflammatoio' reaction around the recurrent 
larjmgeal nerre, which is often clo.se to the neck of the .sac. Jn this series of 
eases, hoarseness was present in eight ca.ses; the vocal cord was fixed in two 
cases. 

After the sac has become definitel.v formed, the symptoms are definite 
and characteristic. The diagnosi.s usually can be made on the basis of the s.vnip- 
toms, but it should be proved b.v roentgcnogi-aphic examination. In the earlier 
stages when the symptoms are vague, a definite clinical diagnosis may not be 
possible without an e.sophagoseopic or roentgenologic examination. These 
methods are tlie most accurate in the establishment of a definite diagnosis 
and the.y should he emplo.i'ed in all ca.ses in wdiieli there are anj' persistent signs 
of d.vsphagia. The longer the diagnosi.s i.s deJa 3 ’’ed, the gi’eater is the risk of 
serious complications which ma.v enhance the difficultie,s and ma.v impair the 
results of surgical treatment. 


TKE.rTMEXT 

Although phanmgo-esophageal divei'tieula first were recognized more than 
175 years ago, they were not treated surgicalh' until 1877, about sixty-eight years 
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ago, -vvlieu Nicoladoui''’ i)r<)duccd a cci-vical Jistula by divorliculotoniy. Tliis ]n’ 0 - 
cedurc obviously could not cflecl a cure. Noibans,' in 1S84, ro])Uledly waslilie 
first surgeon to perforin a primary divcrlicidcetomy but the ojicrnlion was not 
successful. The first sueoessful oiieration loi' the condition was reported by 
von Bergmann® in 1892. These early operations were associated with a rela- 
tively high mortality, ehiefiy becau.se of mediaslinitis, ])neumonia, and pul- 
monary abscess. In many cases in which the imtients recovered, the morbidity 
was great because of a jiharyngeal fistula. These complications led to the o])cra- 
tion in two .stage.s, which fioldmann,” of Freiburg, is credited with introducing in 
1909. This proccd\ire greatly reduced the mortality. 

Complete extirpation of the diverticulum by operative measures now is 
generally accepted as the only method of li-eatmcnt that will eom])letely relieve 
the symptoms. There is still .some dilTerenee of opinion, however, as to whether 
diverticuleetomy should be jmrrormed in one stage or in two .stages. Both opera- 
tive procedures are favored by varicnis surgeons of wide experience. Lahey,' 
in 1940, reported a series of 118 cases in Avhich the two-stage procedure was u.sed. 
One patient died and three had reeui-rcnces that required reojieration. Shallow, 
in 1936, reported a series of seventy-nine cases. Seventy-six of the.se patients 
undenvent a one-stage ojieration and three, a two-stage o))cration. There were 
two operative deaths and two recurrences. 

In the 140 ca.ses in which I have operated for pharyngo-c.sophagcal diver- 
ticulum, both the one-stage and the two-stage ])roeedures have been em])loyed. 
This series includes the thirty-three cases which P" prc.senled at the Porlj'- 
Seventh Annual ]\Ieeting of the We.slern Surgical A.ssoeiation, Dec. 3, 1937. 
The one-stage operation was performed in ciglit of the thirty-tliree cases and the 
two-stage operation in twenty-five. Since 1937, I have ])erformed the one-stage 
operation in 107 additional cases. Thus, in this soles of 140 cases, the one-stage 
operative procedure was performed in 115 cases and the two-stage pi-ocedure 
in twentj^-five cases. 

Complete removal of the sac, including its neck, is generall}’’ accepted as the 
only effectual surgical procedure for pharyngo-esophageal diverticulum. The 
technical difference in the two operative procedures advocated to accomplish this 
purpose is in treatment of the sac and the time of its removal. In the one-stage 
procedure the sac is removed at the primary operation. In the two-stage proce- 
dure a temporax'y diverticulopexy is performed and the sac is removed at a 
second operation seven to ten days latei-. The fundamental difference in these 
two procedures is that in the one-stage operation the fascial planes leading to 
the mediastinum are not walled off prior to removal of the diverticulum and in 
the two-stage operation the interval between the operations permits the forma- 
tion of granulations wdiich w'all off the fascial planes of the neck and medias- 
tinum. 

PreoperaUve Considerations.—Patients ivho have lost considerable iveight 
as a result of their inabilitj- to obtain sufficient nourishment require preopera- 
tive feeding. In most instances this can be accomplished by an indwelling 
stomach tube. Sixteen patients in this series of 140 cases were prepared for 
operation by this means. In one case in wdiich complete obstruction was present 
it was impossible to pass the stomach tube, and a preliminary gastrostom.y wes 
necessary for feeding. 

Dilatation of the introitus of the esophagus is advisalile and has been per- 
formed routinely in the last fifty cases of tliis series. In many instances the 
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After tlie sac lias been completely dissected free from tiie surrounding 
structures, the true neck of the sac is dissected from the phaiyngeal muscles. 
Particular cai'e is taken to separate and remove any fibcr.s of the inferior con- 
strictor muscle and of the cricopharjmgeus muscle al)ove and beneath tlic neck 
of the sac. respectively. In many of the larger diverticula, the opening into 
the phaiynx is large and consists es.sentially of diffuse Imlging of the back wall 
of the pharynx. In this type, great cave should be exerted to determine the true 
relationshi]) of the opening of the sac to the muscular wall of the pharynx, which 
often is much thinned out. It is important to dissect these diffuse sacculations 
from the muscle and to establish as small a neck to the sac as possible, being 
careful not to remove too much of the mucous membrane because of the danger 
of producing a stricture. After the true neck of the sacculation has been iso- 
lated from the surrounding muscles, it is tran.sfixed by the use of chromic cat- 
gut and the diverticulum is completely excised. The stump of the sac is then 
invaginated into the wall of the pliarynx and the muscles of the wall which sur- 



Figr S— One-stage di' erticuloctom.% . a. Inci'.ion along the anterior border of the sterno- 
cleidomastoid muscle, retracting the thjroid niedialp and the carotid sheath -nith the sterno- 
cleidomastoid muocle lateraU> The peritracheal fascia is incised at the level of the cncoid 
cartilage, exposing the duerticulum t*. Dissecting the di\ erticulum from the peritracheal 
fascia and elevating it from the fascial planes, starting at the neck of the sac. c. Dissecting 
the true neck of the sac from the surrounding muscles of the posterior wall of the phar>'nx. 
«. Transfixing" and ligating the neck of the sac with chromic catgut, c, In^aginatJon of the 
stump of the sac into the wall of the ph-irT.n\ /, Closing the opening m the muscles of the 
posterior wall of the phar\n\ with chromic (atgut 


rounded the iieek of liie sae are closed uith interrupted catgut sutures. The 
silk thread which is tliroiigh the esophagus is pulled taut by the anesthetist 
before the neck of the sac is ligated so that there is no danger of including it in 
the closure of the neck of the sac. A soft rubber tissue drain is placed in the 
pocket formerly occupied by the diverticulum but it is not placed at the site of 
closure of the phaiyngeal wall. The woimd is closed by the use of interrupted 
sutures. 

Besxilts of Opcrotxon . — In the 115 eases in which the one-stage operation 
was perfoiTued, there vere no ojicrative deaths. A temporaiy pharjmgeal fistula 
developed in five ea.ses In three eases hoarseness occurred two to tliree days 
after operation and subsided within one -week to ten days. In one case in which 
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the patient liad hoarseness of the voiee liefore ojieration, jiaralysis of tiie cord 
occurred and the Jioarscness continned. The averafie duration of convalescence 
in the hospital was less than two weeks and the avera<>e period of time to dis- 
missal was three weeks. 

In five ca.ses angulation of tlie esojihagus letiuired dilatation. The diverlic- 
nla recurred in two cases. In one of tiicse the .symjitoms iinjiroved after dilata- 
tion but operation suh.seipiently may he re(|uired. In the other ease, a second 
operation was noce.ssary (Figs. i). 10, 11, and 12). In this ease, the diverticulum 
was infected at the time of the jiatienl’s first admission and had produced 
marked graniilar jiharyngilis and swelling of tlie mucous membrane which 
closed the neck of tlie sac. Tliis infection continued in spite of pcrsi.stont efforts 
for three weeks before operation to irrigate tlu* diverlieulnm and drain the in- 



into Uie^nip'iliTot '“Iniission, sliowingr infected pharyng^o-esophageal diverticulum extending 
Four davs infSr seveial ounces of pus and producing acute pharyngitis. 

irrigations snowing residual haiiuni in diverticulum, although patient has had repeated 


fection. The persistent infection ijresented a surgical problem ; this is tlie only 
lecent case in which I have considered a two-stage operation. However, a one- 
stage procedure ivas performed. Convalescence was satisfactory for ten days. 
Then a pharyngeal fistula developed and persisted for tliree weeks. IMedi- 
astinitis did not develop and the wound Avas entirelj" healed in four iveeks. Sub- 
sequently a recurrence on the right side of the pharynx, ivhich I lielieve was 
caused liy iveakening of the wall of the pharynx by the infection, occurred. Tlie 
lecurrence was noted on tlie roentgenogram as somewhat diffuse bulging of the 
light posterolateral wall of the pharynx. There ivas no dysphagia, but after a 
period of three years the patient began to have a gurgling noise and food oc- 
casionally stuck in his throat. The sacculation had progressively increased in 
size and operation was performed throusli a right cervical approach. The wound 
vas completely healed at the time of dismissal nineteen days after operation. 


78 


SORGEBY 


This case is very instinctive from the standpoint of the danger of medias- 
tinitis associated vdth the one-stage operative procedure when tlie diverticulum 
is acutely infected. A pliaryiigeal fistula developed but there was no extension 
of infection into the surrounding mediastinal structures. The other four eases 
in which a temporary pharyngeal fistula occurred showed no signs of medias- 
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I believe there is little risk of mecliastinitis oocmring after a one-stage op- 
erative procedure because in none of my cases has a fistula developed before 
seventy-two hours after opei-ation. By that time the mediastinal fascial planes 
are walled off. Ho-wever, d is important not to sepaj-ate any more of the tissues 
of the mediastinal fascial planes than is essential and to remove the diverticulum 
stax'ting at the neck of the sac. 

Fifteen of the 115 patients in this seiios had large dixextieula that filled 
the entire mediastinum In sex oral instances they extended into the thoracic 
cavity. As mentioned previoush. the largest one held 825 cc. of fluid (Figs. 13 
and 14). Theie was no suggestion ot mediastinal infection after operation in 
any of these cases 



FiS 11. a and b — J^ineteen da%s after ont-stage dnerticulGctonn right cervical approach 
Esophagus normal except for slight angulation Xo s\mptoms, incision healed 

The results of operation in the t-wenty-fixe cases in vhich a two-stage opeia- 
tion xvas performed are essentially the same as those reported in 1937 with the ex- 
ception that one more recurrence has dex'cloped. A summary of these twenty- 
five two-stage operations follows: Theie xvas one opez’ative death in the case 
of a patient who had Parlnnson’.s disease. Although this death was attributed 
to the operation, it was the result of his poor general condition; tjie latter was 
caused by weight loss as a result of his inability to take nourishment because of 
the diverticulum as well as advanced Parkinson’s disease A temporaiy fistula 
developed in sis cases. In three eases there was temporary hoarseness and in 
one case there was paraljsis of one vocal cord. The average convalescence be- 
fore dismissal from the hospital v as more than five xveeks 

Five patients had angulations that required subsequent dilatations Theie 
were three recurrences, all of which were treated dilatation Two patients 
subsequently may require suigery 
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A comparison of tlic rcsnlls of llic onc-slngc aiul the fivo-slagc operations 
is shown in Table 1, and a summary of the clinical data of the entire series of 
140 cases as described in the text is sliown in Table II. 


Tahi.k I. Diveuticui.kctomy koii im.MiYNoo-EsoriiAoi'.u, ])ivj;R'nrui.uM: t lO Cases 
IIESUI.T.S or OXE-STA(iE AX1> TWO-STAOE OI’r.nATIONS 



(IXE-.STAOE* 

'I’WO-.STAOEf 

Operative mortalitv 

0 

1 

Temporary fistula 

5 

6 

Temporary hoarsenc.ss 

3 

tl 

Paralvsis of one vocal cord 

1 

1 

Average eonvalc.scence 

weeks 

5+ weeks 

Angulation of esophagus that required diliitation.s 

5 

5 

Recurrences 

»> 

.3 

Symptoms relieved by dilatations 

1 

3 

Symptoms requiring second operation 

1 

0 


•One-Stage oporation, 11.1 casc.s ; niarkcil o.sophageal obstruction, 15; preliminary gn.s 
trostomy, 1. 

tTwo-sbige operation. S,! rnse.s : complete obstruction. 3; indwelling .stomach tube, 11. 


TaIII.E 11. Cl.lXICAI, II.ITA 


Males: 107 I'oniales: a;! Total patients: 1-10 

Average age: 57 years Youngest: ,14 vear.s Oldest: SO years 

lear: 34-30; 40-40; 50-50; GO-GO; 70-70; SO 

Patients: 

7 23 57 ;iS 11 2 

Duration of syniptoms, 1 to 25 year.s Avcrtigo diu:ttion, 5 yeais 
Multiple diverticula of pliarynx, 1 (loft side Ittrger than right) 

Occurrence in other member of family. 2 
Associated conditions: 

Bronchiectasis, 4; bronchitis, 0; goiter, 10; hiatal hernia, esophagctil diverticulum, 1; 
hoarseness, 8; fixed vocal cord, 2 


COMMENT 

Many factors, such as the condition of llie patient and tlic type of lesion, 
must be taken into consideration in comparing different types of operative 
treatment for a surgical condition. Those factors being ecjual, the chief con- 
sideration in detennining the relative value of different procedures is the op- 
eiatiye mortality, its effectiveness in relieving the condition, and the associated 
morbidity. The results obtained in these two types of operations in this series 
of 140 cases of pharjmgo-esopbageal diverticula, I lielieve, definitely show the 
value of the one-stage procedure. 
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CLOSUKE OF THE BRONCHIAL STUMP FOLLOWING LOBECTOMY 

OR PNEUMONECTOI^IY 

Richard H. S^^^2ET, M.D., Boston, Mass. 

A ny method of bronchial closure, if it is to be successful, must be based 
upon the fundamental principles of healing. It is self-e^ddent that there 
should be the least possible trauma such as crushing of tissue ; that there should 
be accurate approximation of the surfaces which are expected to lieal together; 
and that there should be an adequate blood supply to .the tissues involved. 
Rienhoffi and Ids collaborators’'' in an excellent article concerning the closure 
of the bronchus stress these matters and point out that the healing of the 
bronchus takes place at the cut end of its stump. Granting this premise, it is 
illogical to use mattress sutures which approximate the mucosal surfaces behind 
the cut end of the bronchus. No healing can be expected at that level and 
such sutures are likely to impair the blood supply by pinching off some of the 
branches of the bi’onehial artery. Rienhoff and co-workers also emphasize the 
importance of covering the closed bronchial stump with pleura. On the basis 
of these fundamental principles, the method which is most likely to succeed 
should : 

1. Produce the least possible trauma at the end of the bronchus 

2. Preserve an adequate blood supply all the way to tlie cut end of 
the bronchus 

3. Approximate only the edges of the cut end of tlie bronchus 

4. Provide adequate reinforcement of the bronchial closure by 
utilization of a layer of pleura sutured over the closed stump. 

The method I have used is as follows. After the lobe (or lung) which is 
to be removed has been mobilized and the pulmonaiy vessels which supply it 
have been tied and divided separately, a large curved clamp such as might be 
used on the kidney pedicle is applied distal to the level which, has been selected 
for the division of the bronchus. The purpose of this clamp is merely to prevent 
spilling of pus or secretions from the diseased portion of the lung and also to 
provide a handle with which to steadj" the bronchus Avhile it is being cut across 
(Pig. 1, A). A suture of medium weight silk is then passed tiu'ougli the bron- 
chial wall, tied, and held as a stay. Using a laiife which is euiwed on the flat 
surface and sharpened on both edges (such as the Beaver blade No. 14), the 
division of the bronchus proximal to the clamp is started. One or two more 
sillc sutures are then placed over the cut end of the bronchus and the division 
is completed with the knife. Several more sutures are then placed and all are 
tied over the end of the bronchial stumii so as to apiDroximate its cut edges. 
While the bronchus is being cut across, the sutures are held tightly by the 
assistant so as to minimize the escape of anesthetic gases. After aU of the sutures 
have been tied, the stump is inspected for air leakage and one or more sutures 
are placed as needed. 

Received for publication, Feb. 20, 1945. 

♦Rienhoff, "W. F*, Gannon, X, Jr., and Sherman, I. : Closure of the Bronchus following 
Total Pneumonectomy, Ann. Surg. 116: 481-531, 1942. 
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■P,. , 1.— Steps in the closure of tlic bronclilnl slump. A, Traction .suture applied. B, 

rr® bronchus begun, using curved Unife : note that the bronchus is cut across 
clamp. C, Bronciius partiy severed with two sutures applied. 73, Division of 
the bronchus completed with all sutures placed. 



flao o^'nfon^ covering of the bronchial stump. E, Stump after tying all sutures ; 

flan nnrt o-a ^ e sutured over held in a hemostat. F, First suture placed between pleural 
fr tbe bronchial stump. 0, All sutures tied, thus covering the end of the stump, 

j vaatuonal remforcement possible in some cases. 



84: 


SURGERY 


There remains the important step of burying the bronchial stump beneath 
a flap or fold of pleura (Fig. 2). An edge of the mediastinal pleural surface, 
usually posterior to the region of the liilum of the lung, is almost always avail- 
able. This edge is pulled over the end of the bronchial stump and fastened to 
the bronchus proximal to its eiid by means of several fine silk sutures (Fig. 2, F 
and G). If the pleural flap cannot be pulled over the stump easilj^ the tension 
can be relaxed by making a linear incision in the pleura several centimeters back 
from its edge. In many cases it is possible to add reinforcement by overlapping 
the opposing pleural edge as shown in Fig. 2, II. 

This method of bronchial closure has been used in approximately 140 cases 
of lobectomy or pneumonectomy in the past two years. Table I shows the number 
and types of cases. 


T.\bi.e I. Typks of Cases in Which This Method of Beonchial Closuf.e Has Been Used 


DISEASE 

1 OPERATION j 

TOTAL 

1 LOBECTOMY 

1 PNEUMONECTOMY 

BTOTlctHCtttosis 


5 


Lung abscess 

oo 

o 

»J 

25 

Chronic pneumonitis 

n 

0 

•> 

O 

Tuberculosis 

10 

27 

43 

Bronchogenic cyst 

1 

1 

O 

Carcinoma 

2 

22 

24 

Metastatic carcinoma 

O 

0 

o 

Keurofibroma 

i) 

1 

1 

Fibrosarcoma 

0 

o 

f> 

Total 

80 

01 

141 


Leakage resulting from breaking open of the l^ronchial stump was known 
to have occurred in only one of these cases. This was a case of pneumonectomy 
for tubererflosis in which the primary bronelurs was so embedded in calcified and 
caseous lymph nodes, which produced a stenosis of the bronchus, that a satis- 
factory closure could not be obtained, chiefly because of the necessity for cut- 
ting across diseased tissues in the bronchial Avail. This man died as a result 
of an empyema, arrd at arrtopsy the faihrre of the bronchial closrrre Avas discoA’- 
ered. In the majority of all other instairces AA'here patients died in the hospital 
after operatiorr, arrtopsies Avere performed and in no case Avas there airy CA'idence 
of leakage from the bronchial stump. The postoperative period in these eases 
varied from a fcAv days to more than tAVo Aveeks. 

As a result, therefore, of a considerable experience Avith its use, the method 
of closure of the bronchial stump herein described is proposed as a satisfactory 
teehniqrre for use in the operation of lobectomy or pneumonectomy. 


LIGATION OP THE INFERTOP VENA CAVA"' 


Robert 0. Northway, JI.D., an'd Robert W. Buxton. IM.D., Ann Arbor, ]\ricn. 

(From The Depart tnenix of Surgery anil .■Inatomy, Unirersity of Miehiyan Medical School) 

O cclusion of the renal veins from some projxression of a thrombus in the 
inferior vena cava is nsnally fatal, allhonjih occasional reports to the 
contrary have appeai'cd infrequently in medical literature.’’ " That ])ulmo- 
nary embolism from such a thrombus may be fatal is well authenticated. 

One of us (R. W. B.), with collaborators,^ has re])ortcd the utilization of 
femoral vein ligation in the treatment of chronic deep thrombophlebitis of the 
lower extremities, and at the time of that report Imd had occasion to ligate 
the inferior vena cava, subsequent to femoral vein ligation. 'Phis paper is a 
summary of our experiences to date in ligation of the inferioi- vena cava for 
both chronic thrombophlebitis and phlebothrombosis. 

Certainly ligation of the inferior vena cava is no longer a novel procedure. 
The first recorded case of total ligation of the inferior vena cava was reported 
by Kocher in 1883.'* The ligation was done accidentally and unknowingly dur- 
ing the process of dissection of metastatic carcinomatous retroperitoneal Ijnnph 
nodes. At necropsy a ligature was found about the inferior vena cava. The 
second recoi'ded case was reported by Billroth in 1885.'’ The vena cava was 
mistaken for a distended renal vein and was ligated. The patient died within 
one hour. The third recorded case of total ligation is that by Bottini,® I’oported 
m 1893. This is the first case of siiccessful ligation, the patient making a com- 
plete recovery without circulatory complications. Since this time, a large mun- 
ber of reported cases has been added to the literature and Krotski,® in 1937, 
was able to collect forty-eight cases of total ligation of the inferior vena cava 
carried out by twenty-seven operators. Undoubtedly there have been many 
more caval ligations done since this report. 

The earliest eases," and by far the majority, were those in which accidental 
injury of the vena cava necessitated complete ligation of this vessel. Most of 
these injuries occurred during operations upon the kidney. The second larg- 
est group of eases were those in which the ligation was done during the treat- 
ment of puerperal pyemia.® The earliest caval ligations in this second group 
were three done by Trendelenburg,®’ ” two in 1906 and a third in 1910. The 
first two patients died shortly after operation, while the third recovered. In 
more recent years, our attention has been focused upon the quiet thromboses 
occuri’ing in the lower extremities, and removal of the thrombus followed by 
ligation of the major venous trunk has been the procedure of choice in most 
instances. Where bilateral involvement has occurred and rapid progression 
of the thrombotic process is present, ligation of the common femoral vein 
preceded by aspiration of the thrombus may be insufficient and ligation at a 
higher level may be deemed necessary. Where the involvement is bilateral, 
ligation of the inferior vena cava is often preferable to bilateral ligation of 
the external or common iliac veins. The high mortality rate formerly asso- 
ciated with this procedure resulted from the disease process already present 
or the subsequent postoperative complications, rather than from the conse- 
qiience s of the actual vein ligation itself. 

P'tP®'' "’as to have been presented at the jiieeting of the Societv of Universitv Sur- 
boons, New 'i ork, N. Y., Feb. 8, 1945. (Meeting canceled.) 
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Successful ligation of a major venous trunk necessarily implies that an 
adequate alternative venous route is available. The necessary anastomoses 
about a point of obstruction in the inferior vena cava below the level of the 
renal veins must, in large measure, reflect the connections involved in its em- 
bryonic development. The systemic venous drainage in very young embryos 
is first represented by paired longitudinal channels known as the cardinal 
veins.^® The anterior cardinal veins drain the blood toward the heart from 
the cephalic portion of the body. In the posterior cardinal veins the blood 
flows forward from the caudal portion of the body. At the level of the heart 
the anterior and posterior cardinals on each side of the body beeome confluent 
with each other as the eommon cardinal veins or ducts of Cuvier (Fig. 3, A 
and B). The common cardinal vein from each side of the l)ody turns mesiad 
and entem the sinus venosus of the developing heart. TJirougliout their course 
the posterior cardinal veins receive lateral somatic and visceral branches in more 
or less perfect segmental succession. 

In the early stages of development, the only poi’tion of the definitive inferior 
vena cava which exists is the portion which intervenes between the liver and 
the sinus venosus. This portion is represented by the terminal part of the 
right omphalomesenteric vein. The more caudal portion of the inferior vena 
cava is contributed to by a number of different vessels. Among these is a pair 
of veins developmg in the ventromedial portion of the mesonephroi which is 
utilized in the formation of the inferior vena eava at what will be the future 
renal level. These are the subeai'dinal veins (Fig. 1, A and C). As develop- 
ment progresses the two subcardinals become united with one another across 
the midline. This xinion constitutes the intersubeardinal anastomosis (Fig. 1, 
B and D). Cephalic to the anastomosis, the right subcardinal extends forward 
in the mesonephros, approaching in its course a fold of the dorsal mesentery 
Imown as the caval plica. Small venous channels in the caval plica form a 
connection with the right subcardinal, and coursing forward empty into the 
developing plexus of veins in the liver. Eapid enlargement of tliis neAv small 
vessel in the caval plica gives rise to what is commonly known as the mesen- 
teric portion of the inferior vena cava. Excavation of the liver sinusoids to 
form a main channel through the liver substance gives rise to the hepatic por- 
tion of the vena eava. 

Caudal to the intersubeardinal anastomosis the inferior vena cava is de- 
rived from the right supracardinal vein. The supracardinal veins appear late 
in development as paired ehaimels draining the dorsal body wall. They soon 
acquire anastomotic connections with the .sinus as did the postcardinals earlier. 
Cephalic to the sinus, parts of the supracardinals persist as the azygous ves- 
sels draining in a somewhat variable manner into the reduced proximal part 
of the right postcardinal (Fig. 1, E and F). Caudal to the anastomosis of the 
supracardinals with the subcardinal sinus, they gradually become the principal 
drainage channels of blood returning from the legs and pelvis. With the anas- 
tomosis of the right and left iliacs (old postcardinal tributaries), the blood 
returns increasingly by the right supracardinal which gradually enlarges to 
form the postrenal portion of the inferior vena cava. Vestiges of the left 
supracardinal vein are represented by longitudinal channels known in the 
adidt as the ascending lumbars (Pig. 5), which become continuous with the 
azygous system superiorly and in this manner are associated directly Avith the 
superior vena caval system (Pig. 1, E and F). Likewise, small accessorj'' supra- 
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— Schematic ventral views showing some of the steps in the development of the 
o*irf?;nai cava. The cardinal and omphalomesenteric veins are shown in black, the sub- 

system is stippled, the supracardinals are horizontally hatched, and vessels arising 
these three systems are indicated by small crosses. (Diagrams by Patten, 
Si ? • 'VN'ork of McClure and Butler, from Morris’ Human Anatomy, Philadelphia. The 

Biakiston Company.) 
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cardinal channels on the right represent vestiges of the primitive condition -when, 
as is the case with all developing main channels, the vessels in that location were 
plexiform. 

This plexiform arrangement retains its embryonic configuration about the 
vertebral column in the form of the intra- and perivertebral plexus of veins 
(Pig. 6). These vessels lack the longitudinal arrangement of the more highly 
developed channels, possibly because during embryologic life the return flow 
of blood was cared for primarily by the developing inferior vena cava. These 
primitive vessels communicate with the inferior vena cava through segmental 
branches and play an important role in the passage of blood about a point of 
ligation of the inferior vena cava. They communicate Avitli the ascending 
lumbars and azygous system and thereby maintain comnumications Avith the 
inferior and superior vena cava throughout the length of the spinal eokmin. 



Fig. 2 --Roentgenogi’ani of the injected \ein3 of the pehis of a cadaver following clamp- 
ing of the inferior \ena cava ^^lth hemostats at two levels below’ the entrance of the renals 
The e^.tensl^e nlling of the pelMc and veitebral \essels as •well as the ascending lumbais 
and section of inferior \ena, ca^a between hnrnostats is well shown. 


Although Ave have been aware of the fact that caA'^al ligation in eases of 
acute ascending thrombophlebitis and phlebothrombosis involving the pelvic 
vessels is a life-saving measure, Ave haA'e been reticent to employ this pro- 
cedure because of the widespread importance placed upon the continuity of 
this largest vein of the body. With this in mind, one of ns (E. 0. N.) Avith an 
associate” attempted to determine the more important pathways by Avliich 
blood is returned to the heart following ligation of the inferior vena cava 
beloAV the renal vein. Unimbalmed cadaA'ers Avere CAuscerated and the aorta 
and its branches removed to facilitate Avoi’k with the Amins. The superior A'ena 
cava Avas ligated at its entrance into the heart and the inferior vena cava was 


KOUTriWAY AND nUXTOX : UGVTIOX 01' IXI’IIRIOR VKXA CAVA 


89 


removed from llie region of Ihc I'ciml vein superiorly. A No. 10 c.'inmila was 
inserted into the femoral vein by way of tlie .sajihonou.s on one side and the 
system irrigated villi warm saline to extrieale as mueli clotted blood as pos- 
sible. When a free How of saline solution was obtained, the inferior vena cava 
was clamped .I'lisl above the bifureation and again in the region just below 
the renals. Warm saline solution was again allowed to How through the .sys- 
tem, this time in an attempt to cleanse the collateral .system. A thin suspension 
of red lead was forced into the .sy.stcm under ten pounds of jire.ssure for a 
period of one minute, follov’ing which the cannula was removed and the 
saphenous vein ligated, lloentgenograins vero taken and the injected venous 
channels dissected. 



flilinir nf of the thoiax of an injected caddver showing^ the extensive 

tion \vnc w ,1 vertebral \essels as well as the supeuor vena cava The injec- 

thp femoral vein and followed ligation of the inferioi vena cava below 

<5vei and excision of the infoiioi vena cava abo\e the lev^el of the renals 


In no ease, during the period of lead' injection, was there delay in filling 
of the inferior vena cava above the lower clamp (Pig. 2). The superior vena 
cava rapidly filled (Pig. 3), as might be anticipated, by way of the ascending 
liimbars and the segmentals vdiieh associate directly with the Amrtebral 
plexuses through the spinal veins and above the diaphragm by the azygous 
system which receives the segmental veins and terminates m the superior vena 
cava. Communications between the inferior vena eavet and the vertebral sys- 
tems are as follows- (1) Pour segmental tributaries of the lateral sacral Amins 
pass medially from the hypogastric Amms to enter each of tlie anterior sacral 
foramina to coramiinieate Avith the internal Amrtebral plexus (Pig. 4). (2) Two 
large ascending hnnbar A-eins on each side pass from the common iliac Amins 
npAvard along the lateral aspect of the Amrtebral bodies (Pig. 5). These anas- 
tomose Avith one another and become eontnnious superiorly Avith the azygous 
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system. At each segment these veins communicate with the external and in- 
ternal vertebral plexuses by Avay of the segmental spinal veins passing throi;gh 
the intervertebral foramina, and with the anterior vertebral veins contributing 
to the external plexus. The external plexus also anastomoses with the basi- 
Amrtebrals through the vertebral bodies, ivhich are themselves tributaries of 
the internal plexus (Fig. 6). An inconstant middle sacral vein passes from 
the common iliac downvard over the sacrum, anastomoses i\ith the lateral 
sacral veins, and passes directly into the I'ertebral plexus through the sacro- 
coccygeal foramina. (3) Laminectomy revealed the large internal vertebral 
plexus on the surface of the dura mater of the spinal cord (Fig, 6). It also 
shoAved the large venous sinuses running more or less longitudinally on each 
side, Amntrolateral to the dura. These Aeins Avere all Amry A\ell tilled AA-ith the 
injected media. (4) The intra- and pern-ei tebral plexuses communicate AA'ith 
the segmental A'eins Avhich in turn drain into the vena eaA'a. 



, an injected cadaier to sho%\ the plan of the \ems of the 

peuis ^ ena cava has been ligated so all anastomotic \essels below the obstruction appear 

stronglj dilated 


By means of these plexuses about the vertebral column, plus the free anas- 
tomoses about the point of obstruction, there Avas ready filling of the vena cava 
above the obstruction, of the azygos system, the intercostal veins, and the 
superior vena cava. Since all abdominal viscera Avere removed, communica- 
tions AA'ith the portal system Avere not verified. 

The inferior A*ena cava has been our site of election of vein ligation in ten 
patients. In three patients saphenous ligation had been done at an earlier 
date. In one patient a femoral A'ein ligation, aboA'e the leA'^el of the profunda 
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feinovis brancli, ]iacl been done, and in anotiicr patient ligation of tlic right 
ovarian vein was carried ont at the time of caval ligation. The fii'st patient 
of this group was operated upon twelve months ago. The most recent caval 
ligation was done witliin one montli of this writing. In no patient of this 
group have anticoagulants been used in either the preoperative or postopera- 
tive period. 

The patients here reported were seen during various stages of the disease. 
One patient was seen one day following the onset of leg edema, and the onset, 
signs, and symptoms were characteristic of the syndrome frequently spoken 
of as phlebothrombosis. None of the remainder of the patients was seen at 
the time of onset of the thrombotic proce.ss. In seven of the patients the 
character of onset as well as some of the immediate sequelae indicated a bland 
thrombosis of the deep venous sy.stem. In t^vo patients the onset .sxiggested 
a femoro-iliac thrombosis. One patient developed a dee]) suppurative thrombo- 
phlebitis following the injection of a sclerosing substance for the treatment 
of varicose veins. Chronic thrombosis had rccui'red in one patient over a 
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Fig. 5. Drawing made from an injected cadaver showing the connections between the ascend- 
ing lumbar veins and the vertebral plexus of veins. 


period of ten years. In three patients there was a definite clinical history of 
one or more pulmonary infarcts ; in three patients definite evidence of pulmo- 
nary infarction was present at the time of operation. One patient gave an 
atypical history of substernal oppression which had been diagnosed and treated 
as pylorospasm prior to the onset of the thrombosis. No roentgen evidence of 
pulmonary embolism was obtained. This last patient has been followed for a 
period of four months since caval ligation without recurrence of the abdominal 
symptoms. No thrombus was present Avithin the caA^a at the time of operation, 
so that phlebotomy and thrombectomy Avere not indicated. In three patients 
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there was no history suggesting embolism with pulmonary infarction. Five 
of the ten patients had had chronic recurring idcerations of the lower extrem- 
ities prior to caval ligation. In one patient, whose .symptoms had been present 
for a period of eight months, low back pain was a predominant symptom. 
In tAvo other patients Ioav back pain has been present for a Amriable period 
postoperatively. In three patients distention of the superficial loAver abdom- 
inal veins has been remarkable. The patients in this series vary in ages from 
27 to 74 years. Thus, of the ten patients, three presented themselves because 
of multiple, recent pulmonary emboli (one of these had also chronic recurring 
leg edema Avith ulceration), four because of chronic edema of the legs AA'ith 
ulceration, tAVo because of painfully SAA'ollen legs Avithout ulceration, and one 
because of epigastric pain associated Avith phlebothrombosis. 



Internal Vert Plt*ui 

Fig. 6. — Diagrammatic sketch of the inter- and perivertebral plexus of veins. (From Morris 
Human Anatomy, 13d. 10, Philadelphia, 1942, the Blalciston Company.) 

In each instance the inferior vena cava Avas exposed ,just above its bifur- 
cation through a right transverse incision made at the level of the umbilicus 
and in each instance the entire exposure Avas retroperitoneal. In one patient, 
not considered in this series, an unsuccessful attempt Avas made to isolate the 
inferior vena cava but the structure could not be identified. There Avas con- 
siderable enlargement on the retroperitoneal lymph nodes Avith much pcrinodal 
reaction about these structures, and a subsequent diagnosis of lymphoblastoma 
Avas Amrified. Various types of ligature material have been used including 
No. 1 black silk. No. 1 chromicized catgut, and 14 inch cotton umbilical tape. 
The latter material has been used Avith the greatest frequency. In only one 
instance Avas the vena cava transected folloAA*ing ligation. In the remainder 
of the cases, the vessel was ligated in continuity. Postoperathmly, compres- 
sion bandages Avere kept continuouslj'^ about the hnver extremities and the 
patients Avere encouraged to move about freely in bed. External supports 
Avere adAused in all instances until no further edema Avas present in the legs 
after sustained actiAuty. 
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In no patient, did severe swellinfj occur i» the inuncdiate ])osto 3 )erative 
period. Ilovcvor, all patients liad a varying; degree of swelling innnediately 
post operatively and tins increased to a variable degi-ee after mobilization began. 

We noted a mild llare-up of the thrombotic process in two i^atients during 
the course of their convalescence, and in a third patient this process was quite 
severe, involving not only the super/icial but the deep venous channels. This 
latter patient had had a .su3)2mralive form of tln’ornbophlcbitis with a .staphy- 
lococcus septicemia one year prior to eaval ligation. 

Ligation of the inferior vena cava is attended by a variable, but usually 
marked, increase in the venous prcssuiT in the lower extremities. In two pa- 
tients this necessitated numerous ligations of prominent varicose veins in the 
legs, and in another, ligation of the enlarged thoi-aco-epigastrie veins. These 
ligations were not attended by increased swelling in the legs. The venous 
pressure has remained elevated to a varying degree in all patients to date. 
In the one patient upon whom Ugatioiv was carried out twelve months ago, 
the venous pressure in the legs is still twice that in the upper extremity al- 
though he is free of edema. 

Since it is conceded that thei-e is probab^v increased venous blood flow 
through the paravertebral venous plexus as a re.sult of the numerous anas- 
tomoses conducting blood into this system, it A\'as feared that A'arices might 
well occur in this .system. There have been no clinical .symptoms to suggest 
that varices have occurred in any patient. ^Measurement of the venous pres- 
sure in this system has not been undertaken. However, examination of spinal 
fluid pressures, and quantitative chemical analysis of the .spinal fluid in pa- 
tients have failed to give any indication of abnormalities which might result 
from an increased filtiution pres.sure. All pi-essures were within the accepted 
normal range, and levels of total protein, chloJ’ides, and .sugar wei-e also within 
normal limits. These studies rvere carried out on patients two weeks, five 
months, and twelve months following eaval ligation. 

The chronic supramalleolar ulcers which were present in five patients have 
shown a rmried response to eaval ligation. In one patient the ulceration 
healed during the immediate postoperatiAm period and has remaijied healed 
for four months. In a second patient the ulcer healed, onlj" to recur Avdth the 
appearance of superficial surrounding Amrices. Healing occurred only after 
these Avere ligated and there has been no further recui-rence in eight months. 
In a third patient similar healing and recurrence occurred. FolloAving a period 
of bed rest for one Aveek, complete healing resulted. The entire healed area 
has been recently excised and a graft applied. In the tA\m remaining patients 
healing occurred in the immediate postoperath'-e period but the time elapsed 
since operation has been too short to determine AAdiether these ulcers Avill re- 
main healed or Avhether further treatment Avill be necessary. 

All patients are still Avearing external supports, elastic knee-length hose 
or elastic bandages. By this means the edema of the legs is Avell controlled. 
In the one patient upon AAdiom caAmI ligation Avas done tAvelve months ago, 
these have been removed intermittently for short periods, Avithout recurrence 
of edema. The venous pressure in the legs of this patient is 270 mm. H 2 O, 
tAvice that in the upper extremity, and some 70 mm. aboAm the arbitrarily 
accepted Ica'cI at Avhieli his edema might be expected to appear. 

From our experiences to date an adequate eollatei'al circulation, as cau- 
denced by a normal A'enous pressure, may not be expected in those indiAuduals 
with a long-standing thrombosis of the deep atuous system of the loAver ex- 
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tremities, in less than twelve months after ligation of the inferior vena cava. 
However’, the clinical appearance of edema is easily preveirted and controlled 
hy the nse of elastic external supports. The degree of immediate postopera- 
tive edema is minimal. This is in contrast to the sometimes severe and pro- 
found swelling which occurs occasionally after femoral vein ligatioir. We feel 
that the degree of immediate postoperative edema, and probably its duration, 
is greatly lessened as higher levels of venous ligation are carried out. The 
operative procedure has been well tolerated by these patients and no fatalities 
have occurred. 
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OSTEOMYELITIS OP THE SKULL— ITS TREATMENT 
WITH PENICILLIN AND REPAIR OP THE 
DEFECT WITH TANTALUM 

jMajor Mvx T. Schnitkeb, Medical Corps, and 
Captain AVilllvm D. McC.arthy, Dental Corps, 

Army op the United St.ytes 

O STEOhlYELITIS of the frontal bone, secondarj^ to frontal sinusitis, 
is one of the most fatal of surgical diseases. Its treatment is 
often unsatisfactory because spread of the infection is difficult to con- 
trol by the ordinary methods, particularly in the acute fulminating 
cases. The primary infection, acute sinusitis, is fairly common, but 
the complication of frontal osteomyelitis is relatively uncommon. Ac- 
curate statistics on the incidence of frontal osteomyelitis sec.ondary to 
frontal sinusitis are not available. Certainly more cases occur than 
the number published in the literature. Yerger^'^ reported 125 cases 
collected from the literature up to 1931, but gave no estimate as to the 
percentage incidence. In a series of eighty-six cases of frontal sinus- 
itis reviewed by Mac Jlillan,^" thirty-six (40 per cent) showed exten- 
sion to frontal osteomyelitis, with a mortality of 14 per cent. This 
incidence of 40 per cent osteomyelitis is certainly much too high in an 
over-all review of frontal sinusitis. In cases of frontal osteomyelitis, 
Ballinger and Ballinger^ gave an over-all mortality of 35 to 79 per 
cent and feels that it is much higher in the postoperative than in the 
spontaneous cases. 


■Received for publication, Dec. 13. 1941 
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The antei'ior and posterior Avails of the frontal sinus correspond to 
the outer and inner tables of the skull respectively, so that extension 
of infection Avithin the sinus up into the diploic spaces of the frontal 
bones is an obA’ious possibility. Tlie A'cins of the mucous membrane of 
the frontal sinuses arc continuoAxs Avith the diploic veins of the frontal 
skull. The diploic veins (Breschet veins) are nutrient vessels derived 
chiefly from the intracranial vessels througli the inner table, so that 
the dura seems to attract the infection more strongly through the 
inner table than through the outer table periosteum. 

In infections of the frontal sinus, the ofl’ending organism is usually 
the Staphylococcus aureus and occasionally hemolytic streptococcus or 
pneumococcus. If a thrombophlebitis supervenes in the sinus infection, 
the infection exteiids uiJAvard into the marroAV betAveen the tables of the 
skuU Avhere the circulation is of the closed (sinusoidal) type. The or- 
ganisms extend by contiguity or in some instaAices by embolism, so that 
diffuse spreading or local islands of osteomyelitis occur. ^McCollum^- 
states that the presence of bacteria leads to necrosis of surrounding 
tissue and the fact that this necrosis extends for a Avider area than 
the clumps of bacteria means that they produce a toxic substance. 
These changes have been adequately described by Mosher^^ and 
Furstenberg.® 

It is AveU knoAAui that osteomyelitis is usually a sIoav disease, even 
in acute eases, and its manifestations depend on the Aurulence of the 
organism and resistance of the host. In discussing its phases, it is fre- 
quently dwided into tAvo types: (1) acute (fulminating) and (2) 
chronic (less Aurulent forms) Brunner® subdivides the acute into 
(a) fulminating and (b) protracted types; and the chronic into (a) 
primary and (b) secondary forms. This classification, although hav- 
ing some clinical support, is too cumbersome for aAmrage use and is 
admittedly considered indefinite, Williams and Nichols^’’ conveniently 
divide frontal osteomyelitis into three types: (1) fulminating; (2) 
localized, self -limiting type that heals spontaneously; and (3) the 
slowly spreading type that forms Pott’s puffy tumor (pericranial 
abscess). Prom a revieAv of the literature it appears that the acute 
form can be designated as that in which the osteomyelitic process is 
spreading and has associated systemic reaction of Amrying degree. 
The chronic form can be designated as the localized “burned out” 
type Avith repeated sequestrum formation and little or no systemic 
reaction. The three cases to be presented here can be called acute 
osteomyelitis, spreading, but not fulminating type. The fulminating 
form most commonly folloAvs SAvimming, has a very rapid course, and 
carries a high mortality due to intracranial extension. 

The diagnosis is made early by evidence of pain and extending pit- 
ting edema of the scalp, and by x-ray changes manifested by a 
smudge” that is due to the loss of the discrete mucoperiosteal out- 
line of the frontal sinus. Ten days to tAvo Aveeks later, AA'^hen the area 
of demineralization has assumed the characteristic “moth-eaten” ap- 
pearance, the diagnosis is no longer in doubt. 

The form of treatment Amries AAuth the exigency of the case at hand. 
In the fulminating t 3 T)e AAuth the patient critically ill, and manifested 
by pitting doughy edema of the forehead, it is imperative to do AAude 
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radical removal of the diseased osteomyelitic bone. Fred'* advocated 
the use of sulfonamide drugs in addition to operation and states, “I 
am convinced that chemotherapy will surely modify, even reAmlution- 
ize the treatment of osteomyelitis — ^l)Ut incision and drainage must be 
institrited as Avell.” The dependency on sulfonamide drugs is chal- 
lenged by Jones,’ who feels that these drugs have their limitations in 
the treatment of such conditions. The bacteriostatic properties of 
sulfonamide therapy in staphylococcus infections are inhibited b}’' in- 
creased synthesis of para-amino benzoic acid at the site of infection. 
Our experience shoAvs that penicillin has definitely reA'olutionized the 
treatment of osteomyelitis of the skull of sinus origin in that it is an 
excellent bacteriostatic agent, overcomes the infection rapidly, and 
limits its spread, thus permitting early operation Avith primary closvrre 
of the Avotmd and rapid recoA’-ery. Until recently, the classical in- 
Amrted T incision Avas used Avith open packing of the Avound and sub- 
sequent deforming scar of the forehead.-’ “ AVith the use of penicillin, 
a coronal incision is preferable, giving a more adequate exposure and 
alloAving the remoA-al of the diseased bone in one piece, so avoiding a 
deforming scar of the frontal scalp. AVhen healing is complete and 
all evidence of infection has disappeared, cosmetic repair of the under- 
lying bone defect Avith insertion of a tantalum plate is carried out 
easily. The restoration of the smooth contour of the forehead is easily 
accomplished. 

C.ASE REPORTS 

The folloAving three cases to be reported involved young adults in 
Alilitary SerAuee and aa’III be given in the sequence of hos]5ital admission. 
It so happens that the first patient Avas the most critically ill and the 
second and third less ill, consecutively. 

Case 1. — G. M., aged 27 years, w.-is admitted to Buslinell General Hospital, July 
4, 1943. This aviation cadet gave a history of chronic sinusitis for several 
years and vas treated hy having a suhuinucous resection in 1938 and removal of nasal 
polj-p October, 1942. He tvas in good health until his present illness except 
for occasional nasal ob.struction and postnasal discharge. On routine physical 
examination, March 27, 1943, he tvas found to have a right pansinusitis and so 
was admitted to a Station Hospital for its correction. Treatment consisted of 
daily nasal irrigations for ten days and as there was no improvement, a right 
intranasal antrostomy was done April 5, 1943. His condition remained good for 
the first seven days postoperatively, but on April 12, 1943, he developed a slight 
fever, some swelling of the right side of the face and eyelid, and pain. He was 
treated with hot compresses, and started on sulfadiazine, 6 Gm. daily. His tem- 
perature elevation subsided for three days and then began a steady progressive 
daily elevation, reaching 103° F. and an extension of a fluctuant swelling into 
the right canine fossa. April 21, 1943, this was incised. The infection con- 
tinued to spread so that between April 21 and June 4, 1943, he had seven opera- 
tions carried out in the right antrum, ethmoids, both frontal sinuses, and the 
forehead scalp, but without improvement. By hlay 24, 1943, he had developed 
pitting edema of the left side of the forehead and on May 26, 1943, the first 
signs of osteomyelitis of the frontal bone were evident by x-ray. During his 
entire three months’ treatment at a Station Hospital he had received 442 Gm. of 
sulfadiazine with a sustained blood level of 7.1 to "13.6 mg. per cent but without 
apparent benefit. He had also received 3,200 c.c. of whole blood in nine trans- 
fusions. The culture of all the abscesses showed nonhemolytic staphylococcus. 

He was transferred to Buslinell General Hospital July 4, 1943, because of the 
spreading frontal osteomyelitis. Examination on admission showed a chronically 
ill, undernourished patient with multiple draining sinuses of the right side of the 
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face and foroliead, all oxudinp fianlc ini5. lie ■nas clear moiUally and cooperated 
well. Tlie systemic revic\\' ■>vas negative. Complete neurologic c-vamination ivas 
normal except for complete anosmia, proptosis and clicmosis of tlie right eye, and 
a diplopia in all directions. There nas anesthesia of the first and second divisions 
of the fifth nerve on the right side and a right facial wcahnoss of peripheral 
tj-pe. The remainder of the e.xaniination rvns negative. Lumbar jmneture showed 
a pressure of loO mm. of water and the fluid contained five cells, total protein 
‘50 mg., and the smears and cultures showed no organisms. Blood studies showed 
red blood count, 4,190,000, irith liemoglobin, 82 per cent; white blood cells, 14,800; 
poljTnorphonuclears, 75 per cent; h'mphocyles, 21 per cent and eosinophiles, 4 per 
cent; hematocrit, 40 per cent; sedimentation rate, 53 mm. per hour; plasma pro- 
tein 7.3; blood chlorides, 5S5. Cultures of the draining sinuses of the face and 
forehead showed hemolytic Staphiilncoccus aurcu<i, coagulasc positive. The diag- 
nosis on admiscion was osteomyelitis, acute, severe, right maxilla, ethmoid and 
frontal bones, secondary to chronic pansinn.sitis. I'liere wa.s no neurologic evidence 
of intracianial extension. (Figs. 1 and 2.) 



FIS'. 1. G. M., Case 1. Admission pliotograph, taken July 5, 1943, showing multiple 
draining- wounds prior to administration of penicillin. 

Course in Hospital. — ^Immediately after basic laboratory studies had been carried 
out, the patient svas started on penicillin, being given 240,000 units intravenously 
daily for five days, July 5, 1943, to July 10, 1943, a total of 1,200,000 units.* 
enicillin was also instilled locally into tlie draining sinuses (250 units per cubic 
centimeter). From July 10 to July 30, 1943, he was continued on 120,000 units 
mtravenously, daily, receiving a total of 2,400,000 units during the twenty days, 
y July 24, 1943, all purulent discharge liad stopped, temperature ivas normal, and 
m was much improved. It was thought the infection had been eradicated, but on 
Aug. 10 ^ 1943, a purulent collection appeared in the forehead on the left side and 
uas drained through a previous incision. Penicillin was again administered for 
another twelve days (total 2,040,000 units). Tlie infection cleared again only to 
reappear in the foreliead on the right side Sept. 6 , 1943. It became e-sddent that 
penicillin could readily control the infection but not overcome it, and some more 
radical measures were necessary. Penicillin was administered for the tliird course, 
a total of 360,000 units over three days. During the entire interval of treatment 
■'vith penicillin, the patient received a total of 6 million units from July 5, 1943, 
to Sept. 10 , 1943. 

*The dosage used was that ougmally instituted by Lyons-o 
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Sept. 10, 1943, the first stage opeiation for frontal osteoraj'elitis nas carried out. 
Through a coronal incision a transverse channel 1 cm. wide was removed along 
the coronal snture line behind the edge of diseased bone, and the external 
periosteum folded under healthy bone edge, as described by Schilling,is and 
recently Van ‘Wagenen.^o Penicillin was instilled locally to the forehead until 
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Pig. 3. — G. M. Postoperative x-rny pictuies, antoropostcnor and lateial, showing- 
fiontal skull defect and the c\cised bone fiagniont. (Nov. 18, 1943.) 



A. 


„ Fig. 4. A and B G M Photographs taken two weeks postoperatively. Oct, 25. 

1943. showing Uie coronal incision, slight depression of tlie forehead area, and healing 
of all the former forehead sinuses. 
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Fig. 6, J. and B. — G. il- Postoperative x-ray anteroposterior and lateral viea's, May 
17, 1914, shotving tantalum plate firmly fixed in position. 


He made a rapid recovery and became a librarian in the hospital. However, 
because of the large frontal defect, he desired a protective covering for the fore- 
head, and so after mahing a plastic mold of the defect, a large tantalum plate 
was formed that weighed 105 Gm. and was 250 sq. cm. in size. (See technique 
under Discussion.) On Hay 1, 1914, the entire frontal scalp was turned down 
easilv off the underlying dura through the former incision and the tantalum plate 
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solidly ivired into place. The cosmetic result was considered excellent by the 
patient. lie has been retnrned to limited duty and plans to have iiln.stic opera- 
tions about the old drainage .scar.s done at a later date. (Fig.s. 5, G, and 7.) 

CoynmoU . — This patient harbored a spreading frontal osteoniyelilis 
for at least six weeks while nnder .sulfonamide drug medication, without 
any improvement. After receiving .systemic and local penicillin, im- 
provement was dramatic after the tins! week, only to be followed by a 
relapse shortly after jicnieillin was di.scontinuccl. This occurred a sec- 
ond time, indicating that penicillin is an excellent baeterio.static and not 
a bacteriocidal agent. It also shows that surgical removal of the di.seasecl 
hone is usually necessary to effect a cure. 



pA V. __ A. B. 

and ZJ — G. JI. Anteioposterior and lateial pliotographs taken May 2. 
PM laoivli insertion of tantalum plate to show icstoration contour of frontal skull, 
^ corrected by plastic procedute. 
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^ ^ ^ ‘*^*^*^ ycais, uas admitted to Buslmell Geneial Hospital, 

■ , » 1944. This soldier’s past histoiy uas negative except for an auto accident 
Av 'iG sustained laceiations on the right side of the forehead, and 

' epigastric distress since 1941. 


He entered the service in September, 1943. One month later, Oct. 19, 1943, he 
entered a station hospital, complaining of epigastiic pain of about two years’ 
duration. A gastrointestinal x-ray made Oct. 23, 1943, showed the presence of a 
duodenal ulcer. At the same time lie developed a severe nasopharyngitis that 
rapidly progressed into a pansinusitis. Treatment consisted of hot compi esses, 
nasal shrinkage, and sulfanilamide, 1 6m. four times a day, Oct. 30, 1943, he 
demonstrated furuncles of the nose with cellulitis, and an impending cavernous sinus 
thrombosis was suspected. At the same time lie showed suppuration of the ethmoid 
and left maxillary sinuses. Sinus irrigations were earned out inteimittently until 
Dec. 8, 1943, when a left frontal sinusotomy uas done, but culture of the pus 
showed no growth. Blood count showed red blood cells, 4,870,000, with hemoglobin, 
95 per cent. IVliite blood count was 11,550; poIjTnoiphonucIeais, 75 per cent; and 
IjTiiphooytes, 25 per cent. Dec. 14, 1943, a similar operation was carried out in the 
right frontal sinus with good evacuation of pus. By December 8 he developed ten- 
derness and swelling along the midline of the lower forehead that progressed to a 
right frontal abscess (Pott’s puffy tumor) and was drained Dec. 12, 1943. The 
frontal abscess was drained again December 28 and at that time x r.ays show cd the 
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typical moth-eatea appearance of osteomyelitis. Because of liis continued downJiill 
course he was transferred to Bushnell General Hospital for penicillin Jan. 10, 1944. 
He had received 272 Gm. of sulfonamide drugs during this time. 



Fig. S K. D. Case 2. -tdmission photograph. Jan. 11, 1511. showing draining fron- 

sinus prior to penicillin therapy. 



Fig. 9. — K.t). Lateral view of skull, preoperative, showing area involved by osteo- 
myelitis. (Jan. 20. 1544.) 

Examination on admission shoued a thin, emaciated middle-aged man acutely ill 
and complaining of severe frontal headaches. There was a linear incision over the 
right supraorbital ridge draining frank pus. There uas also tenderness in the low 
mid-frontal region, but no edema or induration. A detailed neurologic examination 
was entirely normal except for an early proptosis of the right upper eyelid. No 
evidence of intracranial extension was demonstrated. 

Eahoratory studies showed red blood cells, 3,230,000; hemoglobin, 63 per cent; 
white blood cells, 9,900; poh-morphonuelears, 64 per cent; Ijanphocytes, 36 per cent; 




SCIINITKER AND AICCARTHY: OSTEOJIYKUTIS OP SKULL 103 


Iilasnm protein, 7.2 Gin. per eent. X-rny view.*, pliowcd o.xtoiisivp inflaiiiniatory tliick- 
ening of the lining membranes of all air cells. There wa.s e.\fcnsivc osteomyelitis of 
the frontal bones on botli sides of the midlinc, but more extensive on the right. We 
feel the ainovint of destruction has inereased, especially in the direction of the 
vertex and involves both the innei and outer table. Culture of the draining sinus 
.clioned aerobic nonhemolytic streptococci and nonhemolytic Stajihi/lovoccufi nUnts. 

A. jj. 


i' *'*1, f 





c. 

Anteroposterior (Dec. 7, 1944) and lateral (Jan, 31, 1944) post- 
^ u showing skull defect after removal of osteomyelitic area. Also photo- 

h apn showing the involved bone removed (Jan. 22, 1944). 

•» 

Biagnosis on admission was acute, nonfulminating, osteomyelitis of frontal 
bone, secondary to chronic pansinusitis. (Figs. 8 and 9.) 

Course in Sospital. — Following determination of basic laboratory studies he was 
started on penicillin intramuscularly, receiving 200,000 units per day as well as 
local penicillin to the draining .sinus. An ulcer diet was given in addition to 
ferrous sulfate. By Jan. 20, 19d4, the drainage fiom the sinus incision had 
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stopped and the patient’s condition nas considered good for surgery. He had 
recened a total of 2,000,000 units of penicillin •with evccllent bacteriostasic. 

.Tan. 22, 1944, through a coronal incision, the entire o=teomyplitic area in the 
frontal bone nas renioied in one piece, and in addition, the medial half of the 



A. B. 

Fig. 11. A and B — IC.D. Po'-topei-atiie anteropostenor (Feb 2C, 1944) and l.itpral 
(Feb 2, 1944) photograplis showing depression of forehead due to loss of bone 



Fig 12 — Iv.D Tantalum plate (June 16, 1944) wired in place with tantalum wires. 
(The rakes are delating the forehead scalp abo\e the eies ) 


right supraorbital ridge. There was no etidence of extraduial granulation tissue 
or pus. The frontal sinuses were also exenterated. The wound was closed with 
out packing, but a small catheter was inserted through a stab wound for the 
purpose of continuing local instillations of penicillin. This was continued for 
four days only because the serous drainage was sterile. The incision healed per 
primum and he made an unet entful recovery. (Figs. 10 and 11.) 
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TJio iwstoi'ernlive defect was very evideni and so lie rcqiiosled a jiJnslic repair. 
A (antalum plate was prepared from a mold of the defect and on .lune Ifi, 
the plate was wired over the defect with a good restoration of the forehead con- 
tour. (Figs. 12, 13 and 14.) 



A. B. 

Pis. 13, A. ami Ji , — Anteroposterior iiml lateral x-ray view.s showing the tan- 
talum plate in place (Juno 27, 1944). 



A. B. 

Pig- 14. A and B ICD. Final anteroposterior and lateral photographs showing resto- 

ration of contour of forehead and healing of all wounds, June 29, 1944. 


This soldier is now feeling very well and would like to return to full dutj’. 
However, he will have to be discharged from the service because of a duodenal 
ulcer. 

Case 3. — ^E. C. M., aged 20 years, was admitted to Bushnell General Hospital 
March 2a, 1944. This soldier had a negative history until the present illness. 
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On March 1 , 19i4, he developed an upper respiratory infection that he considered 
just an ordinary cold. However, on March 6, 1944, ho experienced sudden severe 
pain over the left eye, accompanied by chills. On admission to a station hospital, 
March 8, 1944, examination proved negative except for tenderness on pressure 
over the left sinus region and redness and swelling of the loft upper eyelid. The 
diagnosis of acute left frontal sinusitis was made and he w as treated witii nasal 
shrinkage, ice packs, sedati\es, and sulfadiazine, having received 3G Gm. of the 
sulfonamide drug in six days without improvement. The white cell count was 
15,100 with 91 per cent polymorph onuclears and on Match 10, 1944, x-ray pictures 
of the sinus showed a bilateral pnnsinusitis with a fluid level evident in the left 
frontal sinus. By March 23, 1944, he developed sex ere left frontal headaches, 
early bilateral papilledema, left facial weakness, and a partial ptosis of the left 
eyelid. There was no evidence of edema of the frontal scalp on the left side. 
He xvas transferred to Bushnell General Hospital, on Ifarch 25, 1944, for treat- 
ment of a suspected left frontal lobe brain abscess. 



Fjg-. 15 . — e. 51. (Case 3) Anteroposterior preoperatne x-ray picture of skull showing 
involved area of osteomyelitis in left frontal region. 

Examination March 26, 1944, showed the patient moderately drowsy and acutely 
ill. Temperature was 102.2° F., pulse 84, and respirations, 24. Complete neuro- 
logic examination was entirely negative except for the early ptosis of the left eyelid, 
mild left facial weakness, bilateral papilledema of two diopters, and generalized 
hj-poreflexia. The only evidence of possible intracranial extension was the papill- 
edema. Lumbar puncture showed an initial pressure of 360 mm. water. Twenty- 
five cubic centimeters of clear colorless fluid were removed until the final pressure 
was 140. The fluid contained 1 cell per cubic millimeter, total protein 30 mg. per 
cent, sugar 117, and cultures were negatix'e. Roentgenograms taken April 3, 1944, 
showed extensive osteomj-elitis of the left frontal bone, extending back to the 
coronal suture. There was diffuse clouding in the left frontal sinus, both eth- 
moids, and bilateral antral involvement. Laboratorj* studies showed red blood 
cells, 3,860,000; hemoglobin, 86 per cent, white blood cells 17,600; polymorpho- 
nuclears, 73 per cent; l3mipIiocytes, 27 per cent; plasma protein, 6.8 Gm. per cent. 
Blood cultures were negative. 

Diagnosis was chronic suppurative left frontal sinusitis and acute osteomyelitis 
of the left frontal bone. (Fig. 15.) 
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Course in Hospital. — Followiiif^ completion of basic studies, Marcli 30, 194-1, lie 
was started on systemic iicnicillin, 900,000 units daily intramuscularly for thirteen 
days. April ■}, 1944, after he received 1,900,000 units of penicillin, a radical left 
external frontal sinusotomy was done. Jn addition, a needliiif!' of the left frontal 
lobe of- the brain was done with nogati\-o findings. Cultures made of the sinus 
niembrano and pus were sterile. The Avound was irrigated with local penicillin for 




Fig^. 17. 


16 and 17. — E.M. Fig. 16 is a ventriculogram, April, 194-1. shoAVing shift of 
17 is a final ventriculogram. July S, 1944. showing the postoperative 
oeiects of left frontal sinus with osteomyelitis all healed. 
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On March 1, 19i4, he developed an upper lespiralorj' infection that lie considered 
just an ordinary cold. However, on March 6, 1044, lie experienced sudden severe 
pain over the left eye, accompanied by chills. On admission to a station hospital, 
March 8, 1944, examination proved negative except for tenderness on pressure 
over the left sinus region and redness and swelling of the left upper eyelid. The 
diagnosis of acute left frontal sinusitis was made and he was treated witfi nasal 
shrinlvage, ice packs, sedatives, and sulfadiazine, having received 3C Gm. of the 
sulfonamide drug in six days without improvement. The white cell count was 
15,100 with 91 per cent polymorphonuclears and on March 10, 1944, x-ray pictures 
of the sinus showed a bilateral pansinusitis with a fluid level evident in the left 
frontal sinus. Bj' March 23, 1944, he developed severe left frontal headaches, 
early bilateral papilledema, loft facial weakness, and a partial ptosis of the left 
eyelid. There was no evidence of edema of the fiontal scalp on the left side. 
He was transferred to Bushnell General Hospital, on March 25, 1944, for treat- 
ment of a suspected left frontal lobe brain abscess. 



Fig-. 15 — E.M. (Case 3) Anteropostei lor preoperative x-ray picture of skull showing 
Involved area of osteomyelitis m left frontal region. 

Examination March 26, 1944, shoned the patient modeiately drowsy and acutely 
ill. Temperature was 102.2° F., pulse 84, and respirations, 24. Complete neuro- 
logic examination was entirely negative except for the early ptosis of the left eyelid, 
mild left facial i^eakness, bilateral papilledema of two diopters, and generalized 
hyporeflexia. The only evidence of possible intracranial extension was the papill- 
edema. Lumbar puncture showed an. initial pressure of 360 mm. water. Twenty- 
five cubic centimeters of clear colorless fluid were removed until the final pressure 
was 140. The fluid contained 1 cell per cubic millimeter, total protein 30 mg. per 
cent, sugar 117, and cultures were negative. Roentgenograms taken April 3, 1944, 
showed extensive osteomyelitis of the left frontal bone, extending back to the 
coronal suture. There was diffuse clouding in the left frontal sinus, both eth- 
moids, and bilateral antral involvement. Laboratory studies showed red blood 
cells, 3,860,000; hemoglobin, 86 per cent, white blood cells 17,600; polymorpho- 
nuclears, 73 per cent; lymphocytes, 27 per cent; plasma protein, 6.8 Gm. per cent. 
Blood cultures were negative. 

Diagnosis was chronic suppurative left frontal sinusitis and acute osteomyelitis 
of the left frontal bone. (Fig. 15.) * 
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sterile in all the cases. ])eniiitliii.ir primary closure of the ■woniul in 
each instance, h’ollowinix the n.se of ])enicillin in cases I’eqiiirinfr snr- 
scry, we feel that use of a coronal incision with the lnrnin<r down of 
the entire forehead and removal of the o.steomyeiitic area in one piece 
and then primary closure is definitely ])rererai)le to the formerly used 
inverted 'I' incision, open iiackiiif: of the wound, and the ?T.snl'.injr 
deformiinj,’ scar."’ '* 

The correction of a defect in the .skull dei)end.s upon the size of the 
deformity, its location, and the patient’s concei’ii about a “soft .‘;j)ot’’ 
on his head. Since the deformity of the foi’ehcad. not covered by hair, 
is most conspicuous, the i)atienl is u.sually cafrer to have it corrected. 
AVe have used tantalum plate for coverin<r the defect and find it veiy 
satisfactory. In view of the efficacy of ])enicillin in controllin'r infec- 
tion. the question arises whether a plate should be pi-ejnircd ])rior to 
the primary operation and be in.serted at the time of removal of the 
osteomyelitic area. attemiJtiu'r to avoid a secondary operation. AYc 
think this should not be done for three reasons: first, the measui'c- 
ments and conformity of the plate would be indefinite as the actual 
defect can be determined* at operation only: second, closure of the 
nasofrontal duct by hcalin<>: 'rranulation tissue is lu’cessary after the 
primary operation to prevent recurrin<r infection into the defect; third, 
large sheets of tantalum act as foreign bodies promoting infection in 
an already infected field even with the concomitant use of penicillin. 
Therefore, we advocate waiting at least three months following the 
primary operation and complete healing of the wound before eomijlet- 
ing the secondary plastic repaii*. 

PREPARATION AND INSERTION OP THE TANTALUJI PL.VTE POR DEFECTS 

OF THE SKULL 

Tantalum is the seventy-third clement in the sei'ies 5 periodic table 
TOth a densit}'' of 16.6 and virtually no electrogalvanic action. It is very 
resistant to corrosion and chemical attack and has the necessary proper- 
ties of malleability and ductily to lend it to a sinijiledechnique of fabri- 
cation. The .015 inch sheet tantalum is ideal for forming plates to cor- 
rect the defects of the skull. Per square area, the prepared plate is 
but slightly heavier in weight than the bone which it replaces, weigh- 
ing 1.52 Gm. per square centimeter. 

The preparation and insei'tion of the tantalum plate offers a wide 
range of choice to the surgeon. The preferred method is usually the 
one-stage operation which requires the fabrication of the plate pre- 
vious to operation, by the indirect technique. The two-stage procedure 
necessitates the preparation of the bone ledge around the defect, and 
a direct impression of the mortise joint and the surrounding bone with 
later insertion of the plate after fabrication. The technique for swag- 
ing the plate is the same in either case. 

The preferred impression material to be used in either method is the 
hydroeolloid type because of its accurate reproduction of detail of the 
defect and the surrounding .skull or scalp contour. It lends itself to 
use over the scalj) or bone equally well and may be sterilized in the 
autoclave and cooled to 98.6° F. for use. Dental impression compound 
or the algenate impression material may be used for smaller defects 
but is not as readily sterilized or as readilj- manipulated as lij'drocolloid. 
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To prepare tlie hydrocolloid impression material, we use the follow- 
ing formula : 


Agar 

Green soap 
^Magnesium sulfate 

Cellulose fibers froni 2 sanitary napkins 
Water 


02 Gm. 
5 Gm. 
3 Gm. 


1,500 e.c. 


The mixture is lieated in a double boiler until it is of a smooth con- 
sistency, and cooled to 120° F. for impressions over the scalp. (It may 
be autoclaved and cooled to 98.6° F. for impressions of the bone in 
direct impression, using .sterile technique.) 

In the indirect method, which has been used in the eases discussed, 
an accurate impression of the scalp and orbital ridges is made after 
the margins of the defect are outlined by palpating the bone edge and 
marking it with an indelible pencil. The area to be reproduced by 
the impression depends on the size and location of the defect. Ordi- 
narily, in areas where bilateral symmetry is important, or in the repro- 
duction of the orbital ridge, a large impression, taking in the surround- 
ing contour and the opposite side, is helpful in establishing the cor- 
rected contour of the defect in wax. 

To faciltiate removal of the impression and to limit the flow of 
material on application, a cardboard base (matrix) is made by cutting 
a hole in a suitable piece of heavy cardboard so that it fits on the skull 
around the defect like the brim of a hat Avithout the croAvn. With the 
cardboard matrix in place, the impression material is painted over the 
defect and surrounding contour Avith a brush to a thickness of about 
one inch, care being exercised to preA’ent any air being trapped be- 
tAveen the defect and the material. The hydrocolloid is then chilled 
for fifteen minutes by covering Avith toAvels soaked in ice Avater, and is 
then reinforced by a layer of plaster of Paris. 

When the impression is “set” it is remoA'^ed Avith the cardboard, 
the outline of the defect is ti’aced Avith a knife blade OAmr the marked 
outline, and the impression is then poured in dental stone. This repro- 
duces the area in a master model that is an exact replica of the original 
defect, the edges of the defect pre.senting a beaded line. (Fig. 18.) 

The defect in the stone model is then filled AAoth dental Avax and con- 
toured Avith a heated spatula to correspond to the desired contour of 
the normal scalp. In all defects it is advisable to OA'ercorrect the con- 
tour slightly, since the scalp becomes flattened over the defect and the 
plate is slightly depressed in its bed of bone. This corrected model is 
next reproduced in dental stone, Hydroeal, or Hydromite,* Avith the 
margins extending Avell beyond the desired edges of the tantalum plate 
to be made. A die and coAinterdie are then prepared of the selected 
stone by inA^esting the die in the bottom half of a metal flask. Dental 
prosthetic flasks may be used for small plates, and flasks may be made 
of six-inch pipe for larger ones by AAmlding in coA'^ers and guides for 
closing. It is important that a “lock edge” be prepared beyond the 
defect margin by preparing a someAvhat abrupt doAviiAvard contour or 
beaded line of the stone surface in order to “lock” the edges of the 


TT. S. Gypsum, 
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tantalum plate while the stretching of the miclrlle body of the plate is 
being accomplished. This, in .shoi'l, gives an actual elevation of an 
area outside of tiic defect oil tlie die. 'Wlien tlie models have been 
well flashed, the tantalum plate (.015 inch thick), cut to approximate 
contour, but inches oversize, is placed i)ro]ier]y and the two halves 
of the flask arc closed gradually within a cylinder, pressure being 
applied by means of hydraulic jack in a pressing frame, or by means 



B 

IjiE IS. and B — KD Photographs. Ma> 4. 1*144. shoeing inoulages -nith the ■na\ 
model in place and out of position 
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of a large vise. The pressure nnisl be applied gradually and evenly, 
allowing the metal to stretch. After closing the tla.slc slightly, when 
molding has begun, it is wi.se to remove the plate from the flask to 
inspect it for wrinkles in the metal near the borders. The edges of 
excess metal may be trimmed off aiid if wrinkles are developing, they 
.should be hammered out with a large ball peen hammer, working in the 
excess metal. A .small hole may bo drilled at the jipex of the wrinkle 
and the wrinkle cut out producing a slit if it cannot otherwise be 
eliminated. By replacing this plate in the flask and press and grad- 
ually increasing the pressure until the flask is closed, periodically in- 
specting the plate and trimming the edges until the exact contour of 
the die is obtained, a very aeemrately fitting plate is accompli.shed. No 
great amount of woi-k shoiild be nece-ssai-y with the hammer if the 
flashing operation is done properly and the initial plate is allowed to 
".stretch” while being securely locked at its margins. The plate 
.should not he heated or annealed to mold it as it becomes brittle due 
to oxidation in open air. In the making of smaller plates, it is advan- 
tageous to make the die and counterdie of lead and zinc within a 
dental flask. This provides an excellent swaging surface of great 
strength, although the stone is entirely satisfactory if an adequate 
flask is pi’ovidcd. The methocF utilizing the female die and a heavy 
rubber pad in pressing cjdinder give.s excellent results. However, the 
procedure ,iust outlined affords ciuite satisfactory plates with a minimum 
of equipment and expense. After a satisfactory swaging of the plate 
has been accomplished, the edges are prepared to a smooth contour, 
having the plate slightly ovensize so that it can be trimmed by the 
.surgeon at the operating table. The plate is then boiled in concentrated 
hydrochloric acid for twenty minutes to clean it thoroughl 3 ’. It is 
sterilized by ordinniw autoclaving. (Fig. 19.) 

MTiere a plate is made to close a defect tightlj', small holes of 3 mm. 
diameter are drilled in the bodj'- of the plate to allow escape of fluid 
from beneath the plate in the skull so that it can be aspirated easilj’’ 
from beneath the galea.^'* This can be used to good adA'antage also 
should an infection supervene with the plate in place so that penicillin 
could be injected beneath the galea and so reach both sides of the 
plate. The perforations also alloAV granulation tissue to grow through 
the plate between the dura and galea and so obliterate the dead space 
beneath the plate and help to anchor it .securely in its bed. 

In carrying out the second stage operation for the insertion of the 
tantalum plate, the patient is pi'epared as for an osteoplastic crani- 
otomy under general anesthesia. The scalp is turned doAvn over the 
defect, care being exercised to stop all oozing from the galea at the 
start so that an absolutely dry field is insured Avhen closing the flap. 
The periosteum along the edge of the bone defect is then stripped back 
about one-half inch and the tantalum plate placed over the defect as a 
trial fit. The plate is cut down to proper size Avith a heaA^y curA'-ed 
(blunt uterine) shears, alloAving an OAmrlaying margin of about one- 
fourth inch. A convenient method of obtaining an accurate size plate 
is to mold a piece of moistened cottonoid sheet into the bony defect 


•Method suggested by the Pansteel Metallurgical Corp., Chicago, 111. 
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and then enf out the pattern of the defect. Tliis ])attcrn is tlien placed 
onto the underside of the plate, which can then l)e triiuined to con-eel 
size. With the plate cut to iiropcr .size, it is re])laeed on tlie .skull and 
its margin marked with a sterilized lead pencil onto the skull. Then 
by means of a bone chisel 2 mm, wide (long bevel), a channel is cut 
through the outer table of the skull about 1 mm. deep, and the inter- 
vening outer table between the defect and this channel cliiseled out by 
means of a bone chisel 5 mm. wide. This forms a ledge into which the 
plate fits securely and so prevents lateral movement. The jilatc can then 
be anchored in its bed by one of two methods. Small triangular 
swedges made of tantalum (.020 inch thick) can then be driven over the 
edge of the plate into the bone ledge in the same manner that a pane of 
glass is fastened into a window frame. The technique that we prefer is 
that of aiiehoring the plate by tantalum wire (.020 diameter) in four or 
six places, depending on the size and shape of the plate. We feel that the 



Fjg^. 19 . Photograph. May 18, 1944. of finished tantalum plate prior to its 

insertion. 

plate is fixed more securely by this latter method and by turning the 
wii’e-twist ends down into the skull perforations, a very smooth fixa- 
tion is effected, leaving no irregularities to be palpated through the 
scalp. The field is then dried thoroughly and the scalp closed in two 
layers with fine silk sutures. A fairly heavy compression dressing is 
then applied to prevent fluid accumulation about the plate. Neverthe- 
less, on the first postoperative dressing done in twenty-four to thirty- 
sis hours, a brain needle is passed beneath the galea and about 10 to 
20 e.c. of serosanguineous fluid can be removed. The patient can 
usually be allowed out of bed on the third day and the sutures removed 
on the fifth day postoperatively. Healing is sufficiently complete in 
one month that the individual can carry on any average activity. 

The two patients who had tantalum plates inserted into the forehead 
found that their hats fit them as well after operation as before they 
became ill. The patient with the largest plate submitted himself for 
placing of ice packs to the forehead to determine effects of extreme 
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low temperature on the plate, and lie experienced no great'^or peculiar 
discomfort. He lias recentlj' been exposed to the hot sun also imthout 
anv unusual effects. 


SUMM^VRY AXD COXCLUSIOXS 

1. Osteomyelitis of the frontal hone, secondary to sinus infection, is 
a serious surgical disease because of the diiSculty in limiting spread of 
the infection. The causative organism in most cases is the Siaphylo- 
cocciis aurens or albus. 

2. Penieillin is an excellent bacteriostatic agent in these cases so that 
the infectious process is brought under control rapidly, permitting early 
surgical removal of the diseased bone. Penicillin is not a substitute for 
surgery in this condition. 

3. Surgical excision of the diseased bone is necessary in most in- 
stances. It can be done as soon as the infection is controlled by peni- 
cillin, at which time primary closure of the scalp is a feasible procedure. 
This method of treating frontal osteomyelitis is revolutionaiy and is the 
treatment of choice. 

4. A small percentage of patients may recover under penieUlin alone, 
but their progress must be observed carefully lest the process flare up 
again at a later date and/or the patient become penicillin-resistant which 
would eliminate its future use in that particular infection. 

5. The correction of the postoperative defect in the frontal bone and 
glabella region is carried out preferably at a secondary operation, at 
least thi’ee months after the primary operation. This allows complete 
eradication of the infection in the frontal sinus region as well as com- 
plete closui-e of the nasofrontal duct by granulation tissue. 

6. "We have found tantalum plate (.015 inch thick) very satisfactory 
for use as an alloplastic method in the restoration of the normal contoTir 
of the frontal bone. This metal can be molded or pounded in the cold 
state and made to cover the defect smoothly and solidly. The plate 
causes no discomfort to the patient. 

7. A method of preparation of tant&lmn plate, using dental materials, 
and its insertion to cover a large defect in the frontal bone has been 
described. 
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liADICAJj DUODENOPANCREATECTOMY 

Report of a Successful, Resection of a Carcinoiia of a Duodenal 
Diverticuluji Involving thf. Head of the Pancreas 


J. E. Strode, jM.D., P.A.C.S.. HoNor.uiiU, Hawaii 
(From ihe Clinic.) 


QURGIOAL lesions of the Itancroas have been receiving increasing attention 
^ vithin the past few years. Removal of a portion of or even the entire gland 
has been found to be compatililo not only with life but even with good health. 
Many of the problems concerned with the metabolism of fats, proteins, and 
carbohydrates have undergone and are nndergoing intensive study, resulting 
in drastic changes in many instances in our concept of the relationship between 
the pancreas and our body economy. Some of the physiologic properties of this 
oigan are still shrouded in doubt, but on the whole no more brilliant discoveries 
m the entire annals of medicine can be cited than those related to the functions 
of the pancreas. 


It may be of interest to mention briefly a few of the outstanding contributors 
V 0 have increased our knowledge of this organ. 

To Bernard,^ in 1856, goes the honor of being the first to classify the actions 
0 t le pancreatic juice in food digestion, 

Langerhans,^ in 1869, while still a medical student in Berlin, gave the first 
acmirate histologic desci-iption of the pancreas and to him goes the distinction 
0 rst differentiating between the cells, which have subsequently borne his name, 
from those of acinar tissue. 

Yon Mering and Minkowski,-’ in 1889, first demonstrated the exact role of 
le pancreas in carboliydrate metabolism and its relationship to diabetes as 
emonstrated experimentally in pancreatectomized animals. 

To Banting and associates,^ in 1922, goes the honor and credit and gratitude 
of thousands, now and yet to come, for the brilliant disooveiy of insulin and 
its production in a form to be used in successfully controlling diabetes. 

These are the men who wei’e the outstanding contributors in the earlier 
study of the metabolic activities of the pancreas and who laid the groundwork 
which subsequently made it possible successfully to approach this organ 
surgically. One can state with a considerable degree of pride that most of the 
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pathologic and surgical contributions to this field have been made by Amer- 
icans, or at least by those residing in the 'Western Hemisphere. 

In 1889, Fitz^ of Boston gave the firet clear and concise description of the 
clinical entity of acute pancreatitis and Opic,® in 1903, was the flnst to obsen'c 
a stone obstnicting the ampnlla of Vater and to surmise tliat bile .slumted into 
the pancreatic dnets was a likely etiologie factor in acute panci’eatitis. 

Harris' of Atlanta, undoubtedly a keen clinical observer, in 1924, drew 
attention to the close similarity of the picture of insulin shock as observed in the 
overti’eated patient with diabetes to the syndrome of hunger, wealmess, tremor, 
tachycardia, eonmilsions, and coma associated with a low blood sugar level ob- 
seiwed in those Avho do not have diabetes and relieved by cai'bohydratc adminis- 
tration. He suspected, but did not prove, that this clinical picture resulted from 
hypei’activity of islet pancreatic tissue. 

It remained for "Wilder and associates'* of the Itlayo Clinic, in 1927,. and 
"W. J. j\Iayo as the sui'geon to demonstrate a carcinomatous lesion of the islands 
of Langerhans as the etiologie factor in the causation of spontaneous In'perin- 
sulinism. 

In 1929, Howland and others* reported the first sucec.ssful removal, by 
Graham of Toronto, of a tumor of i.slct tissue from a ])atient with .symptoms of 
hyp erinsulinism . 

These obseiwations and experiences have led to a quickening intei'est in 
this new field of endocrine surgery .so that now the literature is replete with 
repoi-ts of many bnlliant succe.sses following this method of therapy. 

Surgeiy of the malignant acinar growths involving the pancreas, more 
particularly those of the head, in association with the common duct, the 
duodenum, and the papilla of Yater, is not a new concept, since Kausch’® in 
1912, reported the first successful removal of such a lesion. 

Halsted,^^ in 1899, had successfully dealt with a lesion of the ampulla of 
Yater by resection of the duodenum with end-to-end anastomosis and re- 
' '.implantation of the common and pancreatic ducts into the duodenum. 

-• However, one need but recall the words of Sir Berkeley Momiihan^* as late 
as 1926. to realize what strides foiward have been made in pancreatic surgery 
in comparatively recent yeare. At this time he stated, “The i-adical treatment 
of malignant disease of the pancreas by the surgeon can hardly be said to 
exist," and, speaking of the attempts that had been made up to this time, “They 
all sexwe to show that the mechanical difficulties of the operation are well-nigh 
insuperable and that if boldness and good fortune ai-e the operators’ gifts, the 
result to the patient hardly justifies the means." 

It has remained for those interested in the subject in recent yeai’s to make 
such procedures sufficiently safe and successful to be of practical significance. 

AYhipple,^® in 1940, was the first to carry out successfully a one-stage radical 
duodenopancreatectomy. To these later sui-geons and investigators who have 
aided in making such a procedure one that can be looked upon with favor, one 
must add the names of Dragstedt, Bninschwig, David, Hunt, Cattell, and many 
others. 

Not only has improved knowledge concerning the physiologic activities of 
the pancreas been a contributing factor to these developments but all the 
other improvements that have added to the safety of surgery in general. The 
means at our disposal of preventing and treating shock, the use of vitamins, 
particularly vitamin IC, in these patients who are usually jaundiced from ob- 
stniction of the common duct, the use of Wangensteen suction, the prevention 
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of infeetiou by sulfonamides and penicillin, and improved molliods of ancslliesia 
are the important advances made in recent years. 

Since at least a working familiarity with the known physiologic functions 
of the pancreas is a prerequisite to the intelligent application of surgical prin- 
ciples in pancreatic surgery, a brief re.sume of this subject is pre.sented at this 
time. 

The sole functions of the panei'cas, as far as arc known at iiresent, are in 
connection with digestion, absoiqrtion, and metabolism of fats, starches, and 
proteins by the medium of its internal and extenml secretions. 

The amount of pancreatic secretion depends ujmn variable factors and 
fluctuates between 500 and 1,500 c.e. daily. It is a clear alkaline solution with 
a pH varying betAveen 8.71 and 8.98, the alkalinity being largely due to the 
presence of sodium cai’bonate. Its digestive action depends upon the presence 
of three groups of enzymes; proteolytic, amalyfie, and lipolytic in nature. The 
proteolytic enzyme is seci’cfed in a zymogen or proenzyme form, trypsinogen, 
Avhich is acth'aled or couA’crtcd to trypsin by something contained in the enteric 
mucous membrane. Pavlov .supjiosed this substance to be an enzyme and called 
it kinase or enterokinase, which by hydrolytic action upon the trypsinogen con- 
verts it into trypsin. Trypsin, together with another enzyme, ci-epsin, acts to 
split the protein molecule into amino acids. 

The carbohydrate-splitting enzyme, amylase, hydrolyzes starch, producing 
maltose and acrodextrin, Avhich are further broken down by the maltose of the 
intestinal secretions to form dextrose. 

Fat is hydrolyzed and saponified by lipase and broken down in the process 
into glycerin and fatty acids, being aided and abetted by the presence of bile. 

The principal internal secretion of the pancreas, as is well laiown, arises 
from the beta cells of the islands of Langerlians, consists of insulin, and is 
responsible for the metabolism of carbohydi’ates. 

Recently, Dragstedt“ has, in his opinion, though this has not been concurred 
m by all investigatoi-s, demonstrated another internal secretion of the pancreas 
to Avhieh he has given the name of lipoeaie because, as he says, it has to do in a 
general way Avith the utilization of fat. It had been his observation, along Avith 
ot ers, that completely depan creatized dogs did not live long even though their 
labetes aaus satisfactorily controlled AA'ith insulin. At death the most obvious 
autopsj^ change noted Avas extensive fatty infiltration and degeneration of the 
iver. Addition of raAv pancreas to the dogs’ diet prevented or diminished 
markedly these degenerative liver changes and resulted in longer survival of 
such animals. This Avas not noted Avhen the animals Avere fed pancreatic seere- 
lon. A fat-free alcoholic extract of pancreas Avas found to IiaA’^e the same bene- 
cial effect, so it Avas concluded that a ncAv and hitherto undescribed internal 
secretion or hormone had been isolated, possibly arising from the alpha cells of 
t le islands of Langerlians. A feAv scattered reports have appeared in the litera- 
ture indicating that the use of lipoeaie in liuman diabetics has been beneficial in 
preAentiiig fattj-^ degeneration of the liA'er and cardiovascular changes so com- 
mon in this condition. 

The effect of complete occlusion of the pancreatic ducts on the incidence of 
fatty infiltration of the liver in experimental animals has yielded conflicting 
results in the hands of different Avorkers. As is pointed out by Dragstedt, 
animals AAuth pancreatic fistula do not dcA’elop fatty livers AAdien the pancreas 
remains normal, indicating that fatty infiltration of the liver is not due to the 
absence of pancreatic juice from the intestinal tract. Tiie presence of a moderate 
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degree of fatty infiltration of the liver in a minority of tlie animals following 
ligation of the pancreatic ducts seems, therefore, to he due to the atropliy of the 
pancreas that takes place in these animals. Tiiere is evidence that this atropliy 
affects the islets as well as tlie parenclnTua in some cases. Tlicse e.xperimental 
observations may help to account for the clinical variations that iiavc been noted 
following surgeiy on the pancreas, and will ])e refeiTed to later in this papei’. 

Tests for acute and chronic inflammatory lesions of the pancreas have witli- 
in recent years been of considerable practical importance to the clinician. In 
the earlj’- stages of acute pancreatitis, witliin the fir.st three to five days to be 
exact, lipase and amylase determinations in the blood ai\d amylase in the urine 
usually reach high levels, sufficient to be of importance in the differential 
diagnosis between pancreatitis and other acute abdominal lc.sions. Comfort and 
Osterberg,^'. "Whipple,*^ Fennel,^“ and otliers have called attention to this valuable 
laboratory aid. In chronic pancreatitis these determinations have not been 
found of value but other methods have been elaborated. 

In 1902, Bayliss and Starling promulgated the secretin theory to account for 
the flow of pancreatic .iuice. It was their belief that acid chyme coming in 
contact vdth the mucosal cells of the duodenum and upper intestine changed 
a prosecretin into secretin. Secretin being absorbed into the blood stream stimu- 
lates the pancreas to function. In 1937, Agren and Hammersten^' isolated the 
hormone secretion in crystalline form, which apparently is specific for pancreatic 
cells with the exception that it may augment bile secretion. When injected 
intravenously this substance produces a great increase in flow in the secretion 
of the normal pancreas. In 1939, Lagerlof,^'^ using a double lumen tube, one 
being passed through the pylorus into the duodenum and the other remaining in 
the stomach, was able to aspirate pure pancreatic juice in large amounts follow- 
ing injection of secretin intravenously. In chronic inflammatory lesions of the 
pancreas this response is markedly diminished, and in obstructive lesions is 
absent. In jaundiced iudmduals tliis method of -examination has been found 
of value in differentiating obstructive lesions of the common and liepatic ducts 
from those in the region of the papilla of Vater and head of the pancreas, ob- 
structing both the biliary and pancreatic outflow. 

According to Whipple,^^ mecholyl or methAdacetylcholinc has fui’ther 
elaborated the duodenal detenninations of pancreatic ferments. Secretin, -wliich 
is a hormone, increases the volume and alkalinity of pancreatic juice, while 
mecholyl, acting through the vagus, increases the concentration of the ferment 
•svithout increasing the volume and alkalinity and is a more accurate index of 
the activity of acinar tissue than of the okstruetion of the flow of the pancreatic 
juice. 

This would seem to be the opportune time to discuss more fully some of the 
observations that have been made clinically and experimentally when the ex- 
ternal secretion of the pancreas has been abolished by resection of the head of the 
pancreas and closure of the remaining stump and when both the internal and 
external secretion (hormone and enzjone action of the organ) has been deleted 
by its complete extirpation. Many of the problems associated with surgery of 
the pancreas were formerly of interest onlj'- to the physiologist. Much of our 
knowledge of the pancreas has been derived experimentally from laboratory 
animals, particularly the dog, but unfortunately -with accumulating clinical 
experience the correlation with human physiology is not always applicable. How- 
ever, this method has been of inestimable value. For instance, it was formerly 
thought that removal of the duodenum was not compatible with life. Drag- 
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sledt and co-workoi-s,’" in 191S, fii-st snccc.ssfully i-oinovcd entirely (his struc- 
ture from the dog and tliis observation lias subsequently lent coui’age to those 
attempting the ]n’occdure in man. 

Until recently, complete removal of the ])anereas in man bad not been suc- 
cessfully accomplished. 'While it yet remains to be demonstrated that this is a 
procedure of practical im])ortance, sufficient encouraging data have been ac- 
cumulated, both experimentally and clinically, to .iustify further eon.sideration 
and investigation. 

As Ave have previously pointed out, dcpanercatizcd dogs do not survive long 
even if the resulting diabetes is adequately controlled by insulin administration. 
Autopsies have shown a remarkable accumulation of fat in the liver of .such 
animals. Oral administration of from 100 to 200 Gm. of I'aw pancreas daily 
suffices to prevent this fatty change and permits these dogs to survive for long 
periods of time and perha])s indefinitely when theii' nutritional needs are ade- 
quately supplied. I?aw pancreas furni.shcs lipoeaic i)reviousl 3 " mentioned. 



1 — Noimal anatomy of the dnodenopancieatic reg^ion. 

In the human being, so far as I have been able to determine, only Uvo or 
thiee total pancreatectomies have been recorded. 

Eockey,^® in 1943, reported practicalli'^ a total pancreatectomy for car- 
cinoma, the patient surviving for fifteen days. Autops}' revealed less than 1 Gm. 
of pancreatic tissue remaining. 

The second case Avas reported in February of 1944 by Priestley and asso- 
ciates,-^ from the J\Iayo Clinic, and is of special interest because the patient 
Avas alive and Avell at the end of sixteen months. The patient presented the 
tj'pical picture of hyperinsulinism and at operation no pancreatic tumor could 
be identified. The entire gland, Avliicli Avciglied 80 Gm , Avas removed and sub- 
sequently an islet tumor 2 bj^ 5 liy 5 mm. A\-as found to account for the SAuiiptoms 
of hypoglycemia. 

It has been found both experimentallj- and clinically that diabetes occui-s 
only Avhen over 90 per cent of the pancreas is removed. This diabetes is severe 
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and necessitates daily administration of from 60 to 100 units of insulin in the 
human being to effect control. Diabetes in totally depancrealized animals is 
le.ss severe and is more easily controlled than that occurring following partial 
resection. This was found to be the case in the two total removals in human 
beings. Stabilization was reached in Koekey's case at less than 27 units of 
insulin daily and in the case reported 1)3' IbuestleA' the highest blood sugar level 
was 341 mg. per cent the morning after operation and the gi’catest total units 
of insulin administered for a single da 3 ' were 66. ]‘''rom about the fifth post- 
operative da.v on. control of the diabetes was obtained b)- a single dail\' .sub- 
cutaneous injection of protamine zinc insulin and reguhn- insulin, averaging 
30 units, the ratio being from 1 unit of protamine zinc to from 1 to 2 units of 
regular insulin. 

In an attempt to off-set the fatt\' changes noted in the de])anercatizcd ex- 
perimental animal the patient was fed a diet I'icli in choline. Fift)' grams of 
cottage cheese of high protein content were considered adequate to prevent such 
changes. The excellent health of the patient sixteen montlis after total removal 
of the pancreas was thought to be good evidence that such change had not de- 
veloped. From rather extensive metabolic studies no disturbance in carboh 5 'drate 
digestion could be detected. From 30 to 70 per cent of the ingested fat and from 
25 to 55 per cent of ingested nitrogen could be accounted for in the feces. In 
spite of this loss a positive nitrogen balance oecuri'cd and the patient has re- 
mained in excellent health with no evidence of doficienc 3 ' of lipocaic. 

Observation of many more human beings in whom the entire pancreas has 
been removed with favorable results will, of course, be nece.ssar)' before this 
procedure can be considered to be of practical significance. However, this single 
encouraging report .should do much to stimulate fiu'ther intci'est in this subject. 

In order further to present vaiious aspects, both pln-siologic and technical, 
associated with the operation of radical duodenopancreatic surgeiy, it seems de- 
sirable to present the following case report and follow this by a discussion of the 
various problems that arose in the conduct of the case. 

CASE RERORT 

A ■i4-year-old Chinese man was first .«een in eonsultalion with J)r. K. C. Chock, July 7, 
19-14. The onset of symptoms occurred five months previously with upper abdominal pain 
and discomfort associated with diarrhea. There had been as many as six to eight stools 
daily and the patient had noticed the presence in them of droplet.s of oil, particularly follow- 
ing ingestion of fatty foods. During this time there had, been a loss of fifterm pounds in 
weight. Physical examination was essentially negsitive e.xcept for moderate tenderness and 
muscle spasm to the right and above the umbilicus. It was thought that an indefinite 
mass could be palpated in this area. Urine examinations liad intermittently shown the presence 
of sugar. However, the blood sugar level on June (i was SO mg. per cent and three days later 
a glucose tolerance test showed: blood sugar 102 mg. per cent, urine negative; blood sugar 
1(5G mg. per cent, urine negative; and blood sugar 109 mg. per cent, urine showed a trace of 
sugar. 

July 1, feces examination for deteimination of pancreatic enzyme deficiency showed 
amylase measure of digestion 400 units (normal 30,000 to 00,000). Gastrointestinal x-rays 
revealed a large space-taking lesion involving the region of the head of the pancreas as shown 
by the wide arc made by the duodenum. 

Exploration of the abdomen at this time was advised, but was refused. 

The patient was not seen again until Oct. o, 1944, apjjroximately eight months after 
the onset of the trouble. Symptoms remained essentially the same. He had lost five pounds 
more in weight, and the fatty diarrhea continued, A mass nas now definitely palpable. It 
was significant that the patient had not had clinical evidence of jaundice at any time. 

The patient was admitted to the Queen’s Hospital for further study and operation. 
•Vn attempt at gall bladder visualization by oral dye was unsuccessful. Intravenous pyelo- 
grams were negative. 
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Blood oouiit slunvcd: red colls 4,000,000, wliilc cells 3,200, polymorplioiutclour.s 4S per 
cent, Ijnnpliocytes 45 per cent. Bed colls were nonniil. Ileinoplobiii was SI per cent (12.2 
Gin.). 

Plasma protein was 0.7 nip;, per cent, iionpiotcin nitrogen was .'15 mg. per contj fasting 
blood sugar was 138 mg, per cent, Wasscrmaiui and Kalin were negative. 

The patient was operated upon Oct. 5, 1044, under cyclopropane-ether anesthe.sia. The 
duration of the operation was three hours and fortj‘-five minutes. A right rectus muscle- 
splitting incision was made and later, to gain bettor exposure, the incision was carried 
transversely to the left above the umbilicus, A mass occupying the head of the pancreas was 
encountered that seemed confined to this area and for this reason was consideied probably 
operable. Exploration retroduodonally by way of an incision tliiough the peritoneum to the 
lateral side of the duoflcnnin substantiated this opinion. 

The common duet was temporarily ligated and severed at tlic upper margin of the 
duodenum. The gastrohepatic ligament nnd the truiisvc-rso mesocolon were severed to enable 
the removal of the distal two-fifths of the stomacli. Tlie jejunum was severed just beyond 
the ligament of Treitz. The tumor, which was intimately adherent to the porfal and superior 
mesenteric veins, w.as carefully dissected free of these stnieturc.s. In so doing the portal vein 
was opened. Bleeding was controlled by plugging the opening with tlie index finger of the 
left hand while repair of the opening was made with fine interrujited silk. Tlie duodenum 
was fished out from beneath the superior wosentovie vessels, the paneyeas was severed wide 
of the tumor, and the specimen, which con.sisled of the distal two-fiftlis of the stomach, 
the distal one-third of the eoninion duct, the entire dnndennm, and the head nnd bodv 
of the pancreas containing tlie tumor were reinorcd. 


,VC1' 



is- 2. Showing tiie patliologic processes an<l tlie site of resec ion of the gall bladder, the 
common duct, the duodenum, the pancreas, and the stomach. 

The remaining portion of the pancreas was quite linn and indurated and the duct dilated, 
easiy admitting the end of a hemostat. The distal end of the severed jejunum was brought 
up elnnd the colon and fitted over the end of the pancreas, suturing the serosa of the 
Oejunum to the side of the pancreas with two continuous rows of atraumatic chromic catgut 
of “terrupted silk. The same technique was used subsequently in the anastomosis 

° ^ m common duct and stomach, to the jejunum. The posterior layer of peritoneum of the 
sser omental sac was utilized in reinforcing the anastomosis of the duodenum and pancreas 
ent itself to this purpose quite satisfactorily. 

The common duct was approximately twice its noimal size in diameter. The gall 

0 adder was filled with stones. It was removed. Two small stones were found in the common 
duct and these were removed. No others could be found by scoop or following irrigation. The 
™ct was anastomosed to the jejunum over the proximal flared end of a short segment of a 
r o. 16 rubber catheter. Beyond this the stomach was anastomosed end-to-side to the jejunum. 

wee soft rubber tissue drains were inserted, one into the region of the common duct anas- 
tomosis and the others to the region of pancreatic anastomosis, and the incision closed. 
During the operation and immediately following, the patient received fl,.500 c.c. of 

1 ood. Ho stood the operative procedure well. 
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The patient ^^as known to be pulfa-^ensitive. To lielp olT^ct infection he \\a« gi^cn 
postoperath el}' 20,000 unit'- of penicillin c\ci}- three houi-? for fort}-f'ight hours. Wangen- 
steen suction wa= continuous for four rlay.«, then intermittent for forty-eight hours. He 
was giien 1,000 c.c. of lactate Ringer'.*- colution containing 30 per cent glucose plus 100 :ng. 
of cevitamic acid, 20 mg. litamin B„ and 300 c.c. of l.l per cent amino acids ever}' eight 
hours, for four days or during tlie time of Wangensteen ."luction. 

Recovery i^as uneventful except that beginning on the eiglitli postoperative day tlierc was 
considerable drainage of bile for about foui dins, piobably duo to leakage through the 
stump of the cxstic duct. So far a*; could be told theie was no drainage of pancreatic 
secretion. There vas no irritation of the Mirronnding ‘*:kin about the drain and the nound 
healed kindly. 



Fi&- 3 —Showing the anastomosis of the pancreas, common duct, and stomach to the jejunum. 

PalhoJofiic Peport .* — 

Gross: The specimen consisted of a portion of stomach mca-.uiing 12 cm. in length 
along the greater cuiiature. The muco‘-al markings were normal e.xccpt for one small area 
which was raised and measuied about .3 mm. in diametei. It was confined to the mucosa. 
There wa** al<io a gall bladder measuring 1o cm. in length. It contained bile and about 
sixteen calculi of mixed type, x-arxing from .3 to 15 mm. in dianictei. The wall of the gall 
bladder was somewhat edematous. Separately was a portion of small intestine measuring 
about 30 cm. in length, which was stietched oicr a tumor mass measuimg 10 cm. in diameter. 
There were three large ulcerated areas which .showed perfoiations into this mass, so that the 
lesion grossly was either a large diverticulum or a tumor which had ulcerated into the in- 
testine. The ulcerations measured approximately 2 bx 1 cm., another 3 cm., and the other 2.5 
by 1.5 cm. Thick mucus and tumorlike tissue protruded through the ulcerations. When the 
specimen was incised, it showed what appeared to be a large amount of adenomatous tissue 
and mucus, with sexeral long glandular pockets like that of a diverticulum, but in addition 
there were foci of gelatinous material closely resembling caicinoraa. There was a fibrous 
wall surrounding the entire mass, in part at least of inflammatory origin. 


*Bj' Dr. Sumner Price. Pathologist, The Queen’s Hospital, Honolulu. 
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Microscopic: Histologic cxaniiimtion of llio gnll blncldor showeci a siibaciilo exudative 
inflammatory reaction, with sliglit liypereholpsterolosiH of the mucosa of the gall bladder. 
There was a well-marked cellular intlararaafory rc.action involving the mucosa, which extended 
down into the nuiscularis. There were a number of eo.sinophiles present, as well as a con- 
siderable number of pol.vuuelear.s and lymphocj'te.s. Kxamiiiation of the stomach wall showed 



Pie- i . — The amount ot stomach remaining after resection. 



tile ti^nV Sross specimen, showing probe in tlie common duct, tlie entire duodenuni, 

resected stomach of the pancreas, the gall bladder containing .stones, and the 
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a small, benign polypoid adenoma, and at one pouil there were a few glands deeply im- 
bedded beneath the mnscularis mucosa which suggests that there was probabh’ present a 
small uniocognized diverticulum of the gastiic wall. A section from the duodenum showed 
a large diverticulum wall presenting edematous and hypeitrophied villi. There was a well- 
marked inflammatory reaction present as well as a large amount of mucus. There were numer- 
ous glandular cells distributed throughout the wall of the diverticulum and separately there 
was definite evidence of an early low-grade adenocai eiiioma involving the wall, showing 
large pockets of broken glandular tissue, with mucinous exudate, which coincided with the 
gross appearance of the lesion. However, new .sections will have to be made from the capsule 
of this mass to determine the degree of infiltration of the sunounding structures and a subse- 
quent report will be filed. 



Fifr. 6. — Sliowing the histologic stnictun of tlie tumor. 


Diagnosis: Small adenoma of the mucosa of the stomach. Questionable dheiticulum of 
the stomach. Large ulcerated diverticulum of the duodenum, with secondary ndcmocarcinoma. 

Supplementary Ileport . — Histologic examination showed a thickened wall of a diver- 
ticulum fiom the duodenum, with foci showing adenocarcinoma. There was no question as 
to whether the lesion was from a diverticulum since the pockets contained villi like those 
found in the duodenum. In the thickened wall w'ere found also a few' elements of pancreatic 
tissue with general atrophy of the parenchyma. How'ever, there was no evidence that the 
pancreas played any role in the tumor, and this atrophic change was a frequent finding in 
inflammatory and obstructive lesions in the pancreas, and had no relationship to the tumor. 
Separately there was a lymph gland found attached to the specimen and it presented no 
evidence of any metastases. 

Diagnosis: Diverticulum of the duodenum with adeirocarcinoma. 

The patient was discharged on the thirtieth postoperative day, having lemained in the 
hospital longer than necessary because of home conditions. The urine remained free of 
sugar and two months following operation the blood sugar was lOG mg. per cent. Several urine 
and blood amylase determinations have been within normal limits. 

In tlie majority of lesions of the head of the pancreas in which radical 
resection is indicated, there is an associated jaundice due to common duet ob- 
struction. The question then arises as to vvdiether the operation should be done 
in one or two stages. With the use of vitamin K there is undoubtedly less danger 
to the one-stage procedure but the majority opinion, I believe, favors the cor- 
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1 -cetion of biliaiy obstruction as a ]>roliininary pi-occdurc, ])articu]arl,v in 
debilitated sn]).iccts. Implantation of tlic common duel info the .icjumim holds 
preference over other procedures. Objections to the two-stage method are the 
likelihood of incrca.sing teclinical difhculties subsequently by adhesions and the 
increased danger of two anesthetics and two oj)erative procedures, to say nothing 
of the objections by the patient. Since jaundice was not present in the case 
we are presenting, this question did not come up for consideration. 

Why M’as two-fifths of the stomach rc.sceled ‘I 

It is well known and becoming more firmly established in the minds of those 
doing gastric surgery that anastomosing the jejunum to an intact stomach is 
followed in a high percentage of ca.ses by gaslrojejunal ulcer. These data, of 
coui’se, have been accumulated following gastroenterostomy for duodenal ulcer 
where the gastric acidity is almo.st univei'sally abnormally high. AVhether this 
high percentage of ulcei- would occur without an ulcer diathesis, of course, no one 
Iniows, since there has been no series of ca.ses where this has been done. However, 
in suppo.sedly normal .stomachs in the e.xperimenlal animal (the dog), again it 
has been shown that such ulcers do develo]) ])artieularly when the external secre- 
tion of the ijancreas has been eliminated from the intestinal canal. 


The e.xperimcnls of itlann and AVilliamson,-- Elman,-^ and Dragstedt and 
assoeiates'® have shown some interesting olxservations in this respect. With total 
pancreatic fistula.s, almost 100 per cent of animals probably would develop 
duodenal ulcers unless large amounts of alkalies were administered. This 
presumably is due to the absence of allmline pancreatic seci’ction neutralizing 
the acid gastric content. In depanercatized dogs thei’c is almost complete im- 
mimity to ulcer, Dragstedt I'eporting less than one dozen cases in 400 such 
animals. Animals with ligated pancreatic ducts occupied a midground. 

It is difficult to undeistand why diversion of the external secretion of the 


pancreas from the intestinal canal is so commonly associated with duodenal 

ulcer while complete removal of the pancreas is so rarely followed bj’’ ulcer. 

erhaps further elucidation of these findings may tlii'ow additional light on the 

etiffiogy of peptic ulcer in man. Suffice to say that removal of the distal two- 

s of the stomach in our case was done in order to remove that portion of the 

s omach that supposedly stimulates the acid-secreting cells of the fundus. By 

IS procedure we hope to decrease the normal gastric acid secretion and help 

prevwit the subsequent develoijment of a gastrojejunal ulcer. 

le next question — Wliy was the remaining portion of the pancreas inserted 

into t le open end of the jejunum ? — can be answered by saying that we hoped 

0 preserve some of the external secretion of the pancreas. The necessity for at- 

^ mpting to do this is at the moment a debatable one. Most of the data at present 

ia\e reen obtained from the experimental animal, though' information from 

uunan beings is being rapidly accumulated following radical operations on the 
pancreas. = i 


ithout e.xception, the exclusion of pancreatic juice from the intestinal 
eana in laboratory animals causes the appearance of large amounts of undigested 
a an protein in the feces as shown by Pratt, Ralli, and others. This 
n^ierfcet absorption of fat cannot be accounted for entirely through failure of 
loestion of fat since a similar though less severe excretion of fat was found 
len animals Avere fed on fatty acids. 

In human beings a similar though usually less severe disturbance in diges- 
lon and absorption of fats and iirotein is noted when the head of the pancreas 
IS resected and the remaining portion is left unconnected with the gastrointes- 
mal canal. Under these conditions there occurs a fattj' diarrhea, steatorrhea, 
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the presence of nndigesled meat fibci-s showing transverse slriatons crealorrhea, 
and an increase in nitrogen content of the stool azotorrliea. 

Whipple and co-workers-® found, in three patients with complete dnodenec- 
tomy and total exclusion of the pancreatic .inice from the gastrointestinal tract, 
fat digestion of 80 to 85 per cent of a carefully measured fat intake, and, in a 
patient who came to autops.y nine months after radical operation, fatty degenera- 
tion of the liver was not found. In only one of the Aa’c patients surviving for 
periods of five to tAventy-eight months after radical operation have they found a 
disturbed fat metabolism. Hckcrs, Pack, and Rhoads,"' on the other hand, did 
metabolic studies on a imtient Avho had undergone a resection of the duodenum 
and head of the pancreas and ligation of the pancreatic ducts. Six supposedly 
noi-mal individuals Avere used as controls. In this patient it Avas found that 
from 87 to 95 per cent of fat and from 39 to 45 per cent of nitrogen ingested 
Avas lost in the feces. They foAuid that the addition of amino acid nitrogen to 
the diet did not increase significantly the fecal output so concluded that the 
digestion of pi'otcin and not the absoi-ption lA-as impnh'ed. Daily ingestion of 6 
Gm. of lipoeaic aa'Os Avithout significant effect, but tlic daily administration of 25 
Gm. of the external secretion of the pancreas in the form of enteric coated 
pancreatiiP caused a fall in the feces of the amount of fat ingested from 91 
to 32 per cent and nitrogen from 44 to 3 per cent of that iiAgested. They further 
found that an increase in the protein content of the diet resulted in increased 
absorption of fat, AAdiile an increase in the fat content resulted in an increase of 
fat absorbed but no lessening of fat lost. 

It has been found that on an unregulated diet considerable A-ariation in fat 
excretion Avill 1)0 found in different individuals and even in the same person from 
day to day. 

FoAVAveather-® analyzed the stools of eighty hospital patients Avithout evi- 
dence of gastrointestinal disease and arrh-ed at the folloAving conclusions: 

1. Any specimen in Avhich the total fat amounts to more than 25 per cent 
of the total dry matter is probably abnormal. 

2. Any specimen in Avhich the neutral fat exceeds 11 per cent of the total 
dry matter or 55 per cent of the total fat should be suspected of shoAving cAudence 
of deficient fat splitting. 

3. Any specimen in Avhich total split fat (that is, the sum of soap fat and 
free fatty acid) exceeds 16 per cent of the total dry matter or 75 per cent of the 
total fat should be suspected of shoAving eAudence of deficient fat absorption. 

Kolnier®® states that nonnally the daih^ average of fecal nitrogen A'aries 
from 1.5 to 2.3 Gm. and lipids from 7 to 10 Gm. 

It has also been shoAA'n that even on a fat-free diet there is a dailj' excretion 
of about 2 Gm. of fat, the composition of Avhich is very similar to that of blood 
lipids and it is noAV generally believed that at least a fraction of tlie fecal lipids 
is derived from the blood and is secreted into the small intestine. 

Bodansky and Bodansky®® state that on a Schmidt diet AAdiich consists of the 
daily ingestion of 118 Gm. of protein. Ill Gm. of fat, and 119 Gm. of carbo- 
hydrate, the normal individual Avill absorb over 94 per cent of the fat and over 
92 per cent of the nitrogen. It is further pointed out in their studies of pai^' 
creatic steatorrhea that the maintenance of nitrogen balance may be difficult 
since as much as 80 per cent or more of intake of nitrogen may be excreted in 
the stools and that a combination of high protein intake and pancreatic enzymes 
are often of no avail in preventing imbalance. 

•Parke, Davis & Company, Detroit, Mich. 



STUODIC 


RADlCAb DXjODKXOl’AXCRR.ATKCTOMY 


127 


■\Vliile it -would seem advisable, it possible, trom the data presenled, to pre- 
sence the external secretion of the pancreas in order to prevent steaton'hea, 
creatorrhea, and azolorrhca, and ])erhaps complications that we at present arc 
unfamiliar with that may arise in eases tlmt arc observed longer, it has not been 
the univei-sal custom, by any means, of surgeons to do so. 

Brunsehwig'” states, after an experience with eight one-stage pancreato- 
duodenectomies, that the successful anatomic implantation of the pancreatic 
stump into the bowel in man has not yet been demonstrated to approach normal 
or appreciable secretion of pancreatic jxiicc into the bowel and that he null 
continue to close the stump of the pancreas until it is proved that successful 
transplantation can be done. 

Cattell,®' on the other hand, has reported fifteen radical operations and he 
has been a consistent advocate of implanting the remaining stump of the pancreas 
into the jejunum. On his recent visit to Hawaii he slated that he had now done 
twenty-one such opei'ations and still believed that tlie remaining pancreas should 
be anastomosed to the jejunum. 

Child^’ reported a one-stage radical pancreaticoduodenectomy in which 
the stump of the pancreas was implanted into the open end of the jejunum. 
From secretin te.sts before and after operation, he concluded that there was 
■approximately one-sixth of the normal panci-ealie secretion into the intestine. 
The patient manifested no abnormality in fat digestion, follo\ving operation. 

According to Hunt,^-* Tenani, in 1922, and he, in 1941, successfully im- 
planted the stump of the pancreas into the open end of the jejunum. He stated 
that preservation of the external pancreatic secretion is desirable but that the 
problems of pancreatic intestinal anastomosis are gi’eat. 

As TVhipple''^ has stated, “It is evident that the ejuestion of disturbed fat 
metabolism in a patient whose pancreas is completely isolated from the gastro- 
int^tinal tract is not as yet completely answered and only a large number of 
patients suiwiving the operation from three to five years Avill provide the neces- 
sary data for an accurate statement in this regard. It maj’- be necessary to re- 
new the efforts to re-establish the communication between the pancreas and the 
gastrointestinal tract in the radical removal of the ampullary and pancreatic 
cancers.” 

In the case which rve have reported it rvould seem that some benefit has 
accrued from implanting the tail of the pancreas into the jejunum, though too 
many factors enter into the picture to permit a clear evaluation. Previous to 
surgery the patient Avas having six to eight stools daily, containing much gross 
evi ence of fat. Subsequent to operation, boAvel movements had been tAvo to four 
ai y Avithout gross evidence of fat. HoAvever, he has been instructed about 
eating a diet Ioav in fat and he has been recemng 20 gr. of pancreatin four times 

y. Analysis of the stool on this regime has shoAvn it to consist of 78.3 per cent 
wa er and 21.7 per cent solids. Of the solid material the total fat, made up of 
neutral fats, free and combined fatty acids and soaps, constituted 40.7 per cent 
y weight of the dried residue, a definitely abnormal amount of fat in the feces, 
especially in a patient on a limited amount of fat intake. Examination of the 
stool for meat fibers has shoAvn their presence in large numbers and microscopic 
examination of the stools shoAVS many fat droplets. Pancreatin Aims discon- 
tinued for one Aveek and an increasing diarrhea Avas noted. Fat droplets became 
Ausible grossly and microscopic examination of the stool shoAved an increased 
number of undigested meat fibers. Detei-mination of fat in the feces shoAved this 
made up 55 per cent of the dried residue. To date we have been unsuccessful in 
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obtaining lipocaic. In spile of his clislnrbed metabolism he is gaining strength, 
but not weight, and lias returned part time to his original work as a radio 
mechanic. 

Technically the implantation of the remaining pancreas into the open end of 
the jejunum was easily done and no i-esulting pancreatic fistula resulted. The 
use of the peritoneum of the lesser omental sac in closing over the line of anas- 
tomosis seemed to add definitely to the security of the procedure. The litera- 
ture contains a number of methods of anastomo.sing the pancreatic ducts into tlie 
intestinal canal but the procedure used as reported would seem to have definite 
advantages. Placing the anastomosis proximal to the inflow of bile and gastric 
content, I believe, adds materially to the safety of the procedure. 

The method of re-establishing the flow of bile into the gastrointestinal canal 
has varied but it seems to be the consen.sus at the moment that the safest method 
is to implant the common duct into the jejunum. Ligation of tlie common duet 
and implantation of the fundus of the gall bladder into stomach or jejunum have 
resulted in a high incidence of biliary fistula due to the ligature about the com- 
mon duct blowing off or the duct not healing over. If this method is to be used 
the end of the common duet should be inverted before it is closed. Cholccysto- 
gastrostomy has in the past resulted in a high incidence of ascending hepatic 
infection, partially due, it is thought, to the vigorous gastric pej-istalsis forcing 
food particles up the ducts. If the anastomosis is made to the j.ejunum proximal 
to that of the gastrojejunostomy this complication is not so likely to occur. 

SUMMARY 

A brief review of the present known ph5'siologic properties of the pancreas 
as related to radical duodenopancreatic resection is presented. 

A ease of carcinomatous degeneration of a duodenal diverticulum involving 
the head of the pancreas, in which successful radical duodenopancreatic resection 
was done, is recorded. So far as can be determined this is the first successful 
operation for this condition reported in the literature. 

‘ A discussion of some of the technical pro])lems encountered in this operation 
is indulged in. 

CONCLUSIONS 

With present advances in anesthesia and pre- and postoperative care, with a 
clearer understanding of the physiology of the pancreas and replacement 
therapy, and with familiarity with certain technical procedures, radical duodeno- 
pancreatectomy can be carried out Avith a sufficient degree of safety to justify 
the procedure in selected cases and with the expectation of material benefit to 
the patient. 
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Anesthesia 

T he possibilities in anestliesia have increased perhaps tenfold in the last 
ten or twelve years. The respiratory and eircniatory physiology niity be 
kept within normal limits much more certainly and much more precisely than 
ever before. Blood levels of oxygen and of carbon dioxide may be controlled 
very well and are on the way to control with still more precision. Relaxation 
may be obtained to the point of flaceidity with a minimum of depression of the 
brain and spinal cord. Respiration may be controlled to the point of quietness 
and absence of effort withov\t disturbing physiologic function. All this may 
be done with almost an absence of the postanesthetic prostration wJiich was e.x- 
pected ten and fifteen years ago and occurs too often today. 

The drugs and equipment which are available to help ns accomplish these 
things have increased year after year in number and variety. Each one has 
its special points of value and its special weaknesses. Each should be used to 
accomplish the result for which it is be.st suited, and should not be used in an 
overdose to try for an effect which another drug or method can better bring 
about. Thus, combined or balanced ane.sthesia has become the true iiicture of 
today’s art. Those who use today’s material and equipment in anesthesia must 
know it well, must be skilled in its use, and must know much more clinical 
physiologj' than the anesthetists of yesterday. "Without such training they 
must plod along with the anesthesia of yesteryear and acceiit the inferior re- 
sults of that time. 

Do all of these improvements simplify the problems of the surgeon ? Not 
at all, unless he entrusts them to someone in whom he has complete confidence. 
With the old drop-ether formula he could fairly Avell watch the anesthesia 
and direct it. With the newer drugs, equipment, and methods the results in 
the hands of well-trained anesthetists can be unspeakably finer and more satis- 
fying, but it seems impossible for the surgeon, Avhen things are not going sat- 
isfactorily, to discern what the trouble or troubles may be and help to con-ect 
them while gmng adequate attention to his surgery. All he can do is to ask 
or demand better conditions, and only knowledge and skill at the head of the 
table can a%'oid trouble or correct it if it should appeal’. The use of the newer 
armamentarimn of precision, with insufficient knowledge or skill, usually leads 
to more confusion and dissatisfaction. 

The surgeon who has not tasted anesthesia for his surgery under the best 
possible auspices has something to look forward to, the value of which he per- 
haps does not j-et appreciate. A higher quality in anesthesia than the present 
best is surely still to be attained and never before has there been such active 
effort in seeking it. 

— Ralph T. Knight, M.D. 

Minneapolis, Minn. 
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Pain. Research Publications, Association for Research in Nervous and Mental Disease, 

Vol. XXIir. Editorial Board: Harold G. WollT, M.D., Herbert S. Gasser, il.D., and 

.Toseph C. Hinacy, Pli.D. Pp. -46S, with 116 illustrations, and 39 tables. Baltimore, 

1943, Williams & Wilkins Company. $7..’)0. 

As everyone interested in nervous and mental diseases know.s, the Association for 
Nervous and Mental Diseases holds a meetinfi annually to discuss some subject in the field 
of neurology or p.sychiatry, and tlic proceedings arc published in book form annually. At 
the twenty-third meeting, held in 1943, the subject of di.scussion was pain. 

Thirty-two chapters, each consisting of an address given at the meeting, make up the 
contents of this volume; each is by an investigator writing on some phase of pain, and 
most chapters include also a discussion wliich followed tho rending of the report at the 
meeting. 

Most of this material has been published elsewlievo by the participants in tlie periodic 
literature, but its compilation bore in a single volume makes it an indispensable reference 
book for libraries and for individuals who have a special interest in investigation of the 
mechanism of pain, significance of pain in diagnosis, or methods of pain relief. 

It is impossible to detail tiio contents of those thirty-two separate reports, and it would 
be improper discrimination to choose only a few for special mention; therefore, let it sufiice 
to say that it covers all phases of pain, fundamental rcscarclics, clinical manifestations, and 
methods of relief. 

This book is well edited, and the illustrations are very well reproduced. 


Techuiqtue in Trauma. By Fraser B. Gurd, M.D., C.M., and F. Douglas Aokman, M.D., 

C.M., The Montreal General Hospital and McGill University. Ed. 3. Pp. 68, with 

3 illustrations. Pliiladelphia, 1944, J. B. Lippincott Company, $2. 

This book consists of a group of three papers entitled: (1) A Practical Concept for 
the Treatment of Major and Minor Bums, (2) A Report on tho Management of Burns, and 
(3) Planned Timing in the Treatment of Wounds and Infections by Means of Infrequent 
Occlusive Dressings. 

Out of a confusing welter of statements and strangely organized material it seems that 
Wie lesson the book strives to convey is that burns and many wounds are well handled by 
infrequent changes of dressings, a practical application of familiar experimental studies. The 
presentation of results with the infrequent change of pressure dressings containing a paraffin 
sulfathiazole emulsion is not too striking and does not impress one as more favorable than 
other pressure methods now in vogue. Emphatic recommendation of sulfathiazole locally 
and discouragement of systemic use seem to run counter to the findings of Meleny and lxi.s 
collaborators. 

Despite the criticisms which quickly came to mind on reading this volume, it is obvious 
that the authors are endeavoring to evaluate fairly a method of therapy not employed ividely 
elsewhere, and one which has much to recommend it. It is a thought-provoking little volume, 
and one which should bo familiar to the surgeon or general practitioner whether or not he 
chooses to follow the techniques outlined. 


Penicillin in Warfare. By several authors. Supplement to British Journal of Surgery. 
Vol, XXXII, No. 125. Baltimore, Md., 1944, Williams & Wilkins Companj’, .$2,50. 

Remarkable advancements have been made during World War II in the management ' 
and treatment of tho wounded. There is no doubt that the availability of adequate suppT 
of penicillin has contributed greatly to this ■ ' Reports concerning the achievemc"* 
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therapy wth penicillin have remained scattered. This supi)Ieraent presents an excellent sum- 
mary of the experience of a group of capable individuals, who composed a "penicillin learn” 
in the Mediterranean Theatre during 1943 and 1944. It should i)rove to be of value, not only to 
those engaged with the medical x>roblems of war, but equally informative to those in civilian 
medical practice. 

Introductory articles record "The Principles of Medical Treatment” by Flory and 
Jennings; "Bacteriological Methods in Conne.xion IVith Penicillin Treatment” by Garrod 
and Heatley; and a brief analysis of the "Apjdieation of Penicillin to IVar Wounds” by 
Jeffrey. Scott Thompson has a helpful review of “The Bacteriological Examination of 
Wounds Treated With Penicillin.” Detailed clinical reports include the projdiylactic and 
therapeutic value of penicillin in soft-tissue wounds and open fractures. Gas giingrenc con- 
stituted not a negligible problem in Italy, and the English concluded that penicillin definitely 
aided surgery and antiserum in lowering the mortality rate. On the other hand. Cutler and 
Sandusky of the United States Army, reporting on a smaller group of eases of gas gangrene, 
were unable to ascribe anj- significant prophylactic or therapeutic benefit to jrenicillin. Three 
papers detail a survey of the results of penicillin in war wounds of the chest and in head and 
spinal wounds. As a part of the problem of medicine in war, results of the use of penicillin 
in gonorrhea and in styihilis are presented. A bibliograx)hy summarizing most of the out- 
standing reports on penicillin concludes the supplement. 

It is apparent that in warfare the judicious and prompt use of penicillin in wounded 
personnel will itrevent infections, control infections, and supplement other measures in the 
eradication of sepsis. Throughout tliese reports the major theme is that penicillin is but an 
adjuvant to sound surgical principles and meticulous operative procedures. 

This supplement is enthusiastically recommended to all surgeons. The editors of the 
British Journal of Surgery are to be commended for placing this timely information before 
the medical profession in this country. 
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Symposium on Diseases of the Pancreas 


RESECTION OF TEIB DUODENUM AND HEAD OP THE PANCREAS 
FOR PRIIylARY" CARCINOMA OF THE HEAD OF THE 
PANCREAS AND AMPULLA OF VATER 

Warren H. Cole, M.D., and John T. Reynold.s, M.D., Chicago, III. 

(From the Department of Surgery, University of Illinois, College of Medkine, St. Luke’s 

Hospital and Cook County Hospital) 

T he original operation of _ resection of part of the duodenum and head of 
the pancreas for carcinoma of the ampulla of Vater, as reported liy Whipple 
and associates' was modified a short time later by Brunschwig^ to a more radical 
resection for carcinoma of the head of the iiancreas. The technique presented 
by Brunsehwig, which was devised for carcinoma of the head of the pancreas, 
makes the principle applicable to man}’’ more patients since carcinoma is much 
more frequent in the head of the pancreas than in the ampuUa of Vater. With 
earlier diagnoses and improvements in preoperative treatment of the patient 
(including the tremendous value of ample transfusions on the operating table) 
more and more such operations wiU be performed. The operation is complicated 
and literally consumes hours for completion; for these reasons numerous 
modifications of the original operation i-eported by Whipple and associates have 
been suggested. Because of the large number already presented, we are 
apologetic for reporting another, but appreciation of maintenance of certain 
physiologic principles and efforts to shorten the numerous procedures of the 
operation have led us (through our veiy limited experience with five cases of 
resection) to developrnent of a procedure which will be described in detail later. 

An important modification (suggested by Whipple' in 1941) of the oxiginal 
operation is the anastomosis of the jejunum to the common duct, instead of to 
the gall bladder, to prevent the serious effects of infection (suppurative 
cholangitis) and a “blowout” at the ligated end of the common duct. As a 
matter of fact, the technique reported by Orr,^ in 1941, on a patient who 
previously had had a cholecystectomy, utilized a choledochojejunostomy. A one- 
stage method reported in 1942 by Pearse,' consisting of the implantation of the 
cut end of the pylorus into the side of the jejunum, was a very simple one but 
the anatomosis of the jejunum to the gall bladder would appear undesirable. 

Presented at the Fifty-Second Annual Meeting of tiie Western Surgical Association, 
Chicago, 111., Dec. 1 and 2, 1244. 

Hecelved for publication, Deo. 30, 1944. 
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In 1941, Whipple^ and Trimble and associates”’ independently reported a 
one-stage operation consisting of antecolic anastomosis of tlie jejunum to the 
end of the common duct and the pyloric end of the stomach (see Pig. 1). The 
anastomosis was made so that the food sti-eam passed upward toward the lesser 
curvature of the stomach and over the transplanted end of the common duct. 
Hunt® (1941) performed the operation in one stage, transplanting the cut end 
of the pancreas into the open end of the distal duodenum or proximal jejunum. 
In 1942, OiT’ reported a one-stage procedure in which he closed the pyloric end 
of the stomach, did a gastrocntero.stomy, and transplanted the common duct into 






a loop of jejunum (see Pig. 1). The one-stage procedure reported by Binin- 
schwg® (1943) consists of a posterior gasti*oenterostomy and anastomosis of a 
loop of jejunum to the common duct with a jejunojejunostomy performed be- 
tween the two loops of jejunum (see Fig. 1). Along with several other methods, 
Child® reported a simplified one-stage procedure (1944) in which he implanted 
the cut end of the pancreas into the open end of the jejunum. The stump of 
common duct was transplanted into the jejunum proximal to the end-to-side 
gastrojejunostomy (see Pig. 1). Dennis^® (1942) reported a one-stage resection 
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in wliich he performed a cholcoyslojejunoslomy and a retrocolic Polya gaslro- 
jejunosloiny. Cattell” (1944) described a Icehnique in which he performed 
an' end-lo-end gastrojejunostomy according to a Billroth technique, transplanted 
the end of the common duct and cut end of the panereas into a loop of jejunum. 

The recent demonstration of the fact that we can operate for hours even 
on aged patients, if we resort to meticulous preoperative care and give large 
quantities of blood during the operation, now justifies performance of resections 
of the duodenum and head of the pancreas in one stage, with of coui'se a few 
exceptions. For this i-cason, and for the salre of brevity, the diseussion of the 
various modifications has been limited to one-stage procedures. If emergency 
indicates, any of the one-stage iirocedures can be broken into a two-stage opera- 
tion of variable types. 



Fig. 2. — Technique of the one-stage resection of duodenum and head of the pancreas 
adopted by us after trial with several different types. Note that the common duct is trans- 
planted proximal to the gastrojejunostomy so that the food stream will not pass over it but 
will pass downward (assisted by gravity) instead of upward and over the transplanted duct 
as in some operations recommended. 

Insert shows an alternate procedure of also transplanting the cut end of the pancreas 
into the jejunum. The proximal loop of jejunum is left long to make room for transplantation 
of the common duct and, if desired, also the stump of pancreas ; however, it need not be so 
long if transplantation of the stump of the pancreas into the jejunum is not done or con- 
templated. 


TECHNIQUE OF OPERATION 

In the five cases herein reported we have utilized several different types of 
operations. However, the method Avhich we have finally adopted as the proce- 
dure of -choice is one hithei’to unreported and consists of a one-stage resection 
of the duodenum and head of the pancreas with transplantation of the common 
duct into the jejunum and perfonnauce of an end-to-side gastrojejunostomy 
(see Fig. 2) so that the food stream will not pass over the transplanted end of 
the common duct. 

A longitudinal midline or modified transverse incision is made in the upper 
abdomen. After demonstrating that no metastases are present it must be de- 
termined whether or not the tumor can be dissected from the superior mesenteric 
and portal veins. To ascertain this, the peritoneum along the greater curvature 
of the duodenmn is cut and the duodenum with the head of the pancreas lifted 
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up. We have found dissection easier if begun inferiorly and laterally, but 
if a line of cleavage is not found with one approach, another should be tried. 
Perhaps the most important precaution is not to injure the superior mesenteric 
or portal vein; an accidental tear can be repaired, but such an accident con- 
sumes precious time in its repair and for other reasons, including possible 
thrombosis, should be avoided if at all possible. The common duct is divided 
as far distally as possible. The gastroduodenal and infei’ior pancreaticoduodenal 
arteries are then ligated, but not until the operability of the tumor is definitely 
established, since ligation of both of these vessels would result in gangrene of the 
duodenum. The pylonis and distal duodenum at the ligament of Treitz are 
then divided (see Pig. 2). The distal end of the duodenum or proximal end of 
the jejunum is turned in with at least two rows of sutures, the outer of which 
should be cotton or silk. A long loop of jejunum (at least fifteen inches) is then 
brought up aird an end-to-side gastrojejunostomy performed. The chief pui^pose 
of the long loop is to have room for transplantation of the stump of pancreas 
into this loop, if time pennits and the procedure seems advisable. The end of 
the common duct is transplanted into the jejunum, leaving as much distance as 
possible between the site of transplantation and the gastrojejunostomy so that 
possible contamination or exposure to food stream can be minimized. In this 
anastomosis the mucosa of the jejunum should be anastomosed directly to the 
mucosal surface of the common duct (with inteiTupted fine catgut), to minimize 
stenosis, as has been emphasized by Cattell. A second row of interrupted silk or 
cotton, attaching serosa to serosa, is of course indicated. 

The jejunal loop may be brought up either anterior or posterior to the colon 
depending upon the length of the jejunal mesentery and thicloiess of the meso- 
colon. If the jejunal mesentery is short and the jejunum brought up anterior 
to the colon, anastomosis of tliis loop of jejunum to the end of the common duct 
may put tension on the proposed suture line at the site of transplantation of 
the common duct ; if this is the case an opening should be made in the mesocolon 
and the jejunal loop brought up posterior to the colon. If the edge of the 
^opening in the mesocolon is attached to the walls of the two loops of jejunum by 
numerous interrupted sutures there need be no fear of development of intestinal 
obstruction. In Case 1, in which the technique as described and illustrated in 
Pig. 2 was followed, the jejunum was bi’ought up anterior to the colon. 

We have not been transplanting the cut end of the pancreas into the intes- 
tine largely because, to date, very little ill effect has been observed by the various 
authors reporting on this subject, folloAving complete closure of the pancreatic 
stump. This problem will be discussed in greater detail later. 

During closure of the wound it is advisable to insert a drain down to the 
stump of the pancreas, largely because a pancreatic fistula develops so commonly 
in spite of efforts to ligate the pancreatic duct, and close the stump of the pan- 
creas mth nonabsorbable sutures. 

DISCUSSIOK OF OPERATIVE PRINCIPLE.S 

In addition to efforts to shorten the operative procedure one must endeavor 
to restore anatomic structures in such a way that normal physiology wiU not 
be disturbed. 

Unless the tumor has invaded the duodenum so far distally as to impinge 
upon the ligament of Treitz, we believe it is timesaving to transect the duodenum 
proximal to the ligament .of Treitz and turn it in, rather than to cut the liga- 
ment itself and dissect the bowel from the mesenteric vessels. Invagination of a 



.COLE AND RF.YNOLDS: CARCINOMA OF HEAD OF PANCREAS 


137 


stump of bowel the size of the duodenum can bo done so rapidl}' and safely that 
it wiU not be time-consuming. It appeal's to us tliat anastomosis of the cut end 
of the stomach to tlie loop of the .iejunum requires much less work than closure 
of the stomach and performance of a gastroenterostomy of the usual posterior 
tjqie. In our experience, it makes no difference whether the jejunum is bi’ought 
up anterior or posterior to the colon. The deciding factor should be the length 
of the mesentery of the jejunum, and the length, vascularit}'", and thickness of 
the mesocolon. If the mesocolon is short and thick, or marred with a great many 
vessels, it would certainlj’- be desirable to bring the jejunum up anteriorlj’- if the 
mesentery will allow it to reach the end of the common duct without tension. 
The anterior position is desirable from the standpoint of consumption of time, 
since it will naturallj’- talce several minutes to anchor the edge of the opening in 
the mesocolon to the two loops of jejunum after they are brought up posterio.r 
to the colon. 

As yet there is no agreement as to whether or not the stump of the pancreas 
should be closed tightly or be transplanted into the stomach or jejunum. Brun- 
sehwig® and others have expressed the opinion that so little ill effect is sustained 
by closure of the pancreas that indications for transplantation are insufficient 
to warrant the time required. The amount of unabsorbed fat in the feces after 
operation, as reported by various authors (Whipple,^ Dennis,^'* Brunschwg and 
Allen^*), varies tremendously. The latter authors report the wide variation of 
91.2, 96, and 8.4 per cent in three cases studied; in the first of these cases the 
unabsorbed fat dropped from 91.2 to 65 per cent under pancreatin therapy. It 
is true that practically all of these pancreatic fistulas ^vill close spontaneously 
after several weeks, and that rarely are any nuti'itional disturbances encoun- 
tered. However, we do have one patient who has had a fistula for seven months 
and who developed a diarrhea with profound wealoiess for several weeks after 
operation. He improved under strict dietetic care and pancreatin, but still has a 
pancreatic fistula and is not gaining weight. One other important point in a 
discussion about transplantation of the stump of the pancreas into the intestine 
IS a question as to whether or not the pancreatic duct will remain open. At the 
present time we have no information to answer this question. It would 
naturally not be desirable to take the time to transplant the stump of the pan- 
creas if the duct were going to close within a short time after transplantation. 
However, -we do know that the duct remains open for several weelis. Trans- 
plantation might, therefore, improve the immediate convalescence. We predict 
that as time goes on there will be a tendency to transplant the stump of the 
pancreas, at least on some occasions. Poth^^ recommends transplantation of the 
pancreatic duct into the jejunum and reports the use of a small silver tube to 
maintain patency of the duet. 

We are convinced of the desirability of hooking up the jejunum in such a 
way that the food stream mil not flow over the site of transplantation of the 
common duct into the jejunum. We believe that infection of the cholangitis 
type will be minimized if the food stream does not flow over the transplanted 
common duct. It is true that suppurative cholangitis in these operations is not 
very common, but it is being observed by man 3 ’' surgeons performing the opera- 
tion. For example, Whipple^ stated that he had abandoned the cholecj^sto- 
jejunostomy because of a possible “blowout” of the common duct or infection 
with development of cholangitis. Child® stated that “although the gall bladder 
was utilized in Cases 2, 3, 4, and 5 without the development of any immediate 
postoperative complications, troublesome attacks of acute cholangitis marred the 
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result in Case 4.” In a resection of tlie stomach and head of the panci-eas, per- 
formed by one of us, not liercin reported because the tumor was primary in the 
stomach, death was caused primarily b}'- a sui)purative cholangitis; the com- 
mon duct had been tied and the gall bladder anastomosed to the jejunum. If 
suppurative cholangitis occurs in no more than 5 or 10 per cent of cases it would 
appear worth while to attempt to modify the procedure in such a way as to 
avoid this complication. As a matter of fact, we have encountered suppurative 
cholangitis in several of our patients upon whom ^ve perfomed a plastic opera- 
tion upon the common duct for benign stricture, but tme enough it usually oc- 
curred in those cases in which a vitallium tube was used at the anastomotic 
line between the common duct and jejunum; on two occasions we were able to 
prove that the food or secretions entering the biliary system were the cause of 
the cholangitis because the chills and fever stopped abruptly when we inter- 
rupted the loop of jejunum which had allowed reflux of food into the intra- 
hepatic ducts through the vitallium tube.'"' Although there is no concrete 
evidence that hooldng up the loop of intestine with the common duct distal to 
the gastric stoma would result in less cholangitis than Avhen it is hooked up 
proximal to the gasti'ic stoma, it appeal's ivortli while to re-sort to the latter plan 
since the amount of operative work is the same. Perhaps a more prominent 
reason for rotating the jejunum so that the food stream will pass downward as 
in Fig. IF, rather than upward as in Pig. lA, is the fact that in the foi-mer in- 
stance the food can empty from the stomach into the intestine by gravity and 
will not have to be forced iqnvard to make the turji into the jejiunim. 

ABSTR.\CT OF CASE REPORTS 

Case 1. — Patient G. S., a Negro woman, aged 49 years, entered the Illinois Reseavcli 
Hospital, April 3, 1944, complaining of jaundice. The onset was three years before, with 
development of painless jaundice accompanied by severe itching. Stools were clay-colored. 
After three months, sjTnptoms cleared and she was relatively asymptomatic. A second attack 
'.developed one year before admission and, like the first, consisted of onset of painless jaundice 
with itching. In August, 1943, laparotomy was performed elsewhere, and a large dis- 
tended gall bladder removed. Bile drained from the wound for two months. After the biliary 
fistula closed, jaundice and itching again developed. 

Physical Examination . — The patient was intensely jaundiced; there were numerous 
scratch marks on the skin. No masses were felt in the abdomen e.vcept for the liver edge 
which was felt about two fingerbroadths below the costal margin. The rest of the examina- 
tion was relatively negative. 

Laboratory Examination . — Bed blood cells, 2.8 million; hemoglobin, 0.5 Gm.; white 
blood cells, 11,700. Urine was negative except for large quantities of bile. The serum 
albumin was 3.0 and serum globulin 2.5 Gra. per cent. Blood chlorides and nonprotein 
nitrogen were normal. Icterus index was 53; blood amylase 320 (normal 80 to 150). Stool 
was acholic. 

After numerous transfusions, laparotomy was performed, May 1, 1944. Numerous 
adhesions were present; a small stump of the gall bladder remained. In the duodenum at 
the site of the ampulla of Vater was an irregular, indurated mass about 3 by 5 cm. This 
appeared definitely to be carcinoma, and presumably was arising from the head of the pan- 
creas or ampulla of Vater, probably the latter. No metastases were present. We, therefore, 
decided upon a resection. The duodenum and head of the pancreas were removed according 
to the technique previously described in this report. The distal end of the duodenum was 
turned in with a double row of catgut sutures, the upper end being cut at the pylorus. The 
loop of jejunum was brought up anterior to the colon for anastomosis with the common duct 
and stomach. The cut end of the pancreas was closed with interrupted cotton sutures. An 
end-to-side anastomosis was done between the end of the stomach and the jejunum (see 

•These patients will be discussed in detail in another publication dealing with plastic 
operations on the common duct, utilizing vitallium tubes. 
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Fig. 2). TIio common duct was transplanted into tlic ncjumim proximal to tlic gastric 
anastomo.sis so that food would not flow over the opening of the transplanted common duct. 

Microscopic diagnosis was papillary adeno- and gelatinous carcinoma of the ampulla of 
Vatcr involving the duodenal wall and head of tlic panel oas. Convalescence was unusually 
smooth and the patient left the hospital on the sixteenth postopoiative da}-. tVlien last seen, 
six months after operation, she had recovered except that she still felt .a bit weak and was still 
twenty-five pounds under her pre-illness weight. The pancreatic fistula drained for four 
months but caused very little irritation of the skin. 
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Fig. 3. — Summary of our otvn five cases of pancreaticoduodetiectomy, illustrating the types 
of operation in each patient. The method illustrated in Case l is the one preferred by us. 


Case 2.— Patient E. K. was a white man, 59 years old, who entered the Illinois Besearch 
Hospital, April 6, 1944, complaining of pain in the abdomen, chills, fever, and jaundice of 
tliree weeks’ duration. Pain was greatest just to the left of the umbilicus and radiated 
throughout the abdomen. There was a history of epilepsy of several years’ duration. 

Physical Exaimnation. — The patient was emaciated and deeply jaundiced. The tem- 
perature was 102° p. The abdomen was quite tender to palpation throughout, particularly 
in the right upper quadrant where the liver was felt to be enlarged about 6 cm. beyond the 
costal margin. 

Laboratory Examination. — Red blood cells, 4.7 million; white blood cells, 9,500; blood 
chlorides, nonprotein nitrogen, and blood proteins were normal. The icterus index was 82. 

The patient continued to have a septic type of fever indicating that a suppurative 
cholangitis was present. Accordingly, April 15, 1944, a laparotomy was performed, A 
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choledocliostomy was done and purulent material was obtained from the common duct. The 
head of the pancreas was enlarged and very hard; the diagnosis of carcinoma seemed ob- 
vious. No metastases were present and the tumor appeared operable. The. patient was ob- 
viously too ill for a one-stage operation to be considered. However, an end-to-side posterior 
gastrojejunostomy was performed in addition to the choledocliostomy. The cut end of the 
duodenum was closed with two layers of sutures. The patient recovered slowly, although 
the fever subsided rapidly following drainage of the common duct. 

May 18, 1914, the second operation was performed. The head of the pancreas and 
duodenum were resected, turning in the distal duodenum. The cut end of the pancreas was 
closed with interrupted cotton sutures. The common duct was transplanted into the jejunum 
proximal to the gastrojejunostom}’. He was discharged four weeks after the second opera- 
tion but a few weeks later developed a diarrhea which resulted in extreme weakness and an ad- 
ditional weight loss of three or four pounds. In addition, ho developed considerable ankle 
edema. The serum albumin was 0.3 and serum globulin 2.2 Gm. per cent. There was like- 
wise still profuse drainage from the pancreatic ti.stula. He was readmitted on the medical 
service and given choline, pancreatin, and a high protein diet. The diarrhea and edema of 
the extremities disappeared within one week. At the present time, seven months after his 
second operation, the pancreatic fistula is still draining several hundred cubic centimeters per 
day. A third laparotomj- is contemplated to transplant the stump of the pancreas into the 
jejunum. 

Case 3. — ^Patient E. S. J. (Hospital No. 21738), a white man, aged G9 years, entered 
St. Luke’s Hospital, June 1, 1942, complaining of severe constant epigastric pain for the 
previous two months. Pain was constant (not colicky), and unrelated to food intake. It 
interfered with his sleep and did not radiate. He had lost thirty pounds during the last two 
months. Urine had been dark and stools white only during the past week. Icterus was 
present only for two days preceding admission. The phj-sician who originaUy saw the pa- 
tient noticed a filling defect in the stomach which he thought to be carcinoma. The patient 
postponed surgery because he was working and felt he needed the money. 

Physical Examination. — ^Temperature, pulse, and resipirations were normal. Blood pres- 
sure was 150/64. No masses were felt in the abdomen, although an indefinite sense of re- 
sistance was noted in the right upper quadrant. A diagnosis of carcinoma of the head of 
the pancreas or carcinoma of the stomach with metastases was made. 

IfOboratory Examination . — The Kahn test was negative. Urine was normal except for 
bile. Icterus index was 15; serum protein 7.0G grams per cent; blood chlorides G40; non- 
protein nitrogen, 40; red blood cells, 5.1 million. No bile was found in the stool but the 
benzidine test was slightly positive. 

j June 13, 1942, laparotomy was performed. A carcinomatous mass was found in the 
head of the pancreas and considered operable. Cholecystogastrostomy was done as a first 
stage operation. 

June 22, icterus index was 40. June 29, glucose tolerance test was normal. Stool showed 
a large amount of fat. June 30, there was no benefit shown from cholecystogastrostomy; 
jaundice was deepening. 

June 27, 1942, the second operation was done. Pancreaticoduodenectomy and posterior 
side-to-side gastrojejunostomy were performed. The gall bladder was removed because the 
cystic duct was blocked by the tumor of the pancreas. (This explained the lack of benefit 
from cholecystogastrostomy.) The common duct was implanted into the stomach. Ob- 
structive biliary cirrhosis of the liver was also present. 

July 2, 1942, red blood cells, 4.6 million; hemoglobin, 13. July 3, amylase, 0; blood 
chlorides, 615; carbon dioxide, 61.4 volumes per cent. The patient did well until July 6, 
when a sudden turn for the worse occurred. He died on July 9; clinically "hepatic in- 
sufficiency” appeared to be an important factor in his downward progress. 

Autopsy revealed generalized acute serofibrinous peritonitis; a localized abscess and 
hemorrhage were noted in the fibrinous adhesions in the region of the ligamentum hepatodu- 
odenale. The impression at the time was that the peritonitis was not in itself enough to be 
fatal. The sutures in the superior mesenteric vein had produced no thrombus. 

Microscopic examination of the specimen removed July 1, 1942, revealed a primary 
carcinoma of the head of the pancreas. 

Case 4. — Patient J. B. (Hospital No. 43-37636), a wliite man, entered Cook County 
Hospital, Aug. 13, 1943. Aside from large veins and sweUing of the legs, the history was 
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negative until about two months before, when ho began to note that lie had been losing some 
weight. Ono month before admission jaundice began to appear. In tho previous two months 
ho had lost twenty-five pounds. Itching had been ns.cociatcd with jaundice. 

Physical Examination. — Tho temperature was 98.0° F.; pulse, SO; respirations, 22; blood 
pressure, 300/58. I'ho sliin was lemon yellow in color. Slight nn.sal deformity was present. 
Tlie chest was kj^photic and emphysematous. The liver margin was down at least 7 cm. Bi- 
lateral pitting edema of the lower extremities was present. Ecctal e.xamination revealed 
clay-colored feces. A diagnosis of carcinoma of the pancreas was made. 

laboratory Examination. — ^Bilc was present in tho urine to a 4 plus degree, but no 
albumin. Blood: red blood cell.s, .8.8 million; hemoglobin, 70. X-ray: no apparent pathologic 
findings were noted in the stomach or duodenum. Aug. 30, 394.8, nonprotcin nitrogen, 35; 
creatinine, 3.7; serum albumin, .8.0; serum globulin, 2.4; Takata-Ara, 1 plus. 

Aug. 27, 394.8, blond cholcsicrol, 552; esfor.s, 222, Sept, .8, blood amylase, 30 (normal 
SO to 350). Sept. 4, nonprotcin nitrogen, 27; scrum albumin, 3.4; serum globulin, 2.5; red 
lilood colls, 4.3 million; hemoglobin, 80. » 

Laparotomy. — Sept. 8, 3943, onc-stago resection of the head of the pancreas was per- 
formed. Tho tumor was small. A few lymph nodes were pre.sent but they did not appear to 
be carcinomatous. (Biopsy of the p.ancreas at that time was positive for carcinoma.) A re- 
section of tho stomach (posterior poly.a technique), duodenum, and pancreas was performed 
along with a cholecystectomy. The common duct was anastomosed to the jejunum utilizing 
tho Roux principle. 

Sept. 9, 3943, the patient developed ma.ssivo atelectasis which was relieved by hyper- 
ventilation and cough. Sept. 25, icterus index, 37. Considerable biliary drainage noted. 
Oct. 3, chill; urinary tract infection. Oct. 5, cj-stoscopy. Tho patient had severe generalized 
C3'stitis with'a contracture of tho vesical neck and three ounces of residual urine. There was 
no upper urinary tract instrumentation. 

Oct. 20, bile drainage had ceased. Stools showed bilo and a moderate amount of un- 
digested fat. The odor was very foul. Nonprotcin nitrogen, 23; serum albumin, 3.4; serum 
globulin, 3.7, Oct. 22, tho patient was discharged. At no time did he have a pancreatic 
fistula. 

Nov. 23, 3944, patient has been seen repeatedlj' since. He had a small suprahepatio 
abscess drained about nine months after the original operation. At that time no metastases 
■were seen. He is now working and is apparently well. 

Case 5. — ^Patient 0. S. (Hospital No. 55357), a wliite man, aged 58 j-ears, was admitted 
to St. Luke’s Hospital, July 3, 1944. His health was good until fifteen months before, at 
nhich time he noted progressive w-eakness with no apparent cause. He was treated until 
January, 1944, without relief. He had lost forty-five pounds in the nine-month interval. 

In February he had a gall bladder visualization at another hospital and a pathologic gall 
bladder was found ; February 24, the gall bladder was drained and a single gallstone removed. 
Since that time he has had a draining incision; especially profuse after meals. (Jaundice 
and itching appeared in January.) After the gall bladder drainage, the jaundice and itching 
disappeared. He has had occasional chills and fever since. 

Physical Examination. — The patient was a poorlj' nourished white man with a slight 
yellow tint to the skin. The abdomen revealed a sinus from which bile oozed. The blood 
pressure was 318/74. He had a chill on the day of entrance. Shortly thereafter a catheter 
was introduced into the gall bladder sinus and better drainage established. No more chills 
occurred. 

Laboratory Examination. — Red blood cells, 5.3 million; hemoglobin, 15.1 Gm.; white 
blood cells, 9.9; Kahn, negative; nonprotein nitrogen, 25.2; blood chlorides, 575 phosphorus, 
3.67; vitamin C, 0.6; phosphatase, 9.63; icterus index, 15; prothrombin time, 35 seconds; 
serum albumin, 3.5 ; serum globulin, 2.02 ; hematocrit, 43 ; urine, negative. 

Tho patient was given a high protein diet with vitamin K and he drank bile daily. 
He gained ten pounds in the twelve days between entrance and operation. 

Operation. — July 12, 1944, one-stage resection of the duodenum and head of the pan- 
creas was performed. A Polya anastomosis and choledochojcjunostomy of the Roux tj-pe 
'vere performed, both retrocolic. The patient was given 2,000 e.c. of blood while on the oper- 
ating table. Three holes were accidentally made in the superior mesenteric vein, which re- 
quired considerable time for repair. 
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July 14, 1944, tlic postoperative course was uneventful except for development of 
auricular flutter (?). The pulse rose to 180 but responded well to six doses of quinidine 
(gr. 3). 

July 21, the patient left the liospltal, nine days after the operation. 

ANALYSIS OF CASES 

Of the five cases liereiii reported, all the patients had pr-imary carcinoma 
of the head of the pancreas except one (Case 1), who had a primary carcinoma 
of the ampulla of Vater with invasion of the duodenum. Two two-stage resec- 
tions were performed and three one-stage resections. The decision to perfom 
a two-stage operation was mandatory in one patient because of a severe suppura- 
tive cholangitis which was present on admission. In two patients a one-stage 
operation with perfonnance of an end-to-side gastrojejunostomy (posterior 
Polya technique) Avith a choledoehojejunostomy after the Roux principle as 
I’ecommended by Whipple’"' in 1938 AA’as perfonned (see Fig. 1). Although 
these tAvo patients are alive and doing Aveli fourteen and four months, respec- 
tively, since operation, Ave prefer the technique performed in Case 1 (see Fig. 2) 
largely because it requires less operative Avorlc. 

As noted in Fig. 3, a pancreatic fistula developed in tAvo of the five patients. 
In one of these, seven months after operation the fistula is stUl draining. The 
diarrhea and edema of the ankles Avhich deA'eloped five to six Aveelcs after opera- 
tion have disappeared; an operation to transplant the stump of the pancreas 
into the jejunum is noAv contemplated. In this patient there has been consider- 
able pain in the region of the fistula, particularly dui'ing short intervals when 
the fistula was closed or draining only a small amount of pancreatic secretion. 

Of the five cases herein presented, one patient died ; this constitutes a mor- 
tality rate of 20 per cent. An insufficient length of time has elapsed since opei’a- 
tion to determine the pro.spects of a five- or ten-year cure. 

SUMMARY 

A ncAv operation for resection of the duodenum and head of the pancreas for 
carcinoma is described. In this procedure a long loop end-to-side anastomosis 
is made betAveen the stomach and the jejunum distal to the choledochojejimos- 
tomy. This secures drainage of the biliary tract proximal to the gastric anas- 
tomosis and so avoids the danger attendant upon passage of food over the 
common duct opening. HoAA’^ever, the chief advantage of the technique recom- 
mended lies in the requirement of less time for performance of the operation ; in 
our estimation suture lines and anastomoses for resection of the duodenum 
and head of the pancreas are reduced to a minimum. The jejunum is anas- 
tomosed to the cut end of the stomach Avith the distal end to the greater curva- 
ture so that the food passes doAAmAvard by gravity into the jejunum instead of 
upAvard into the jejunum as it must in many operations previously recom- 
mended. 

The chief purpose of the long loop proximal to the end-to-side gastro- 
jejunostomy is to allow transplantation of the common duct and, if desired, the 
stump of the pancreas, into the jejunum proximal to the gastric anastomosis. ^ 
Although to date very feAV surgeons are transplanting the stump of the pancreas 
iuto the intestine, Ave believe this procedure aauII in the future be performed 
more often than it is noAV. In one of our patients, the pancreatic fistula which 
folloAved the resection is still draining seven months after operation although 
noAV only a fcAV ounces per day. 



COLE AND REYNOLDS: CARCINOMA OE HEAD OP PANCREAS M3 

Four patients with carcinoma o£ the licad of the pancreas and one witii 
carcinoma of the ampulla of Vater have been subjected to radical resection of 
the duodenum and iiead of tlic pancreas. There has been one fatality.*^ 
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submission of this article for publication a sixth resection has been pertorniea, 
nhimlli®’ preferred procedure as illustrated in Fig. 2: the stump of pancreas was trans- 
i ijiiiea into tlie loop of jejunum. Postoperative convalescence was uneventful but since onlj- 
-i.x uecKs have passed, insufficient time has elapsed to determine ultimate results. 



PANCREATICODUODENECTOMY FOR CARCINOIMA OP THE 
AjMPUDDA and AMPULLARY REGION 


Thomas G. Orr, M.D., Kansas City, Kan. 

(From the Department of Surgery, University of Kansas) 

N ine years have passed since Whipple, Pai'sons, and Mullins'*’* reported their 
cases of successful resection of tlic head of the pancreas and duodenum 
for carcinoma of tlie ampulla. During tlicse nine years many surgeons have 
interested themselves in the treatment of carcinoma arising in the ampulla and- 
ampullary region, and many modifications of the technique suggested by 
Whipple and his associates have been described. The fear that existed for many 
years, that surgical attack upon the pancreas containing a carcinoma was too 
great, no longer exists as manifested by the number of operations done since 
1935. Whipple^® recorded sixty-four cases of radical pancreaticoduodenectomy 
which he had collected from published records and from personal reports up to 
April 1, 1942. Since then thirty-five cases have Imen found recorded in the 
surgical literature (Table I). Five cases are added in this report making a 
total of 104. There are undoubtedly many unrecorded cases, but to avoid con- 
fusion in a study of the results of the operation, no effort has been made to col- 
lect such cases. 

Pancreaticoduodeneetomj'- for carcinoma of the ampulla and ampullary 
area will be discussed under the following headings : 

1. Diagnosis at operation 

2. Is radical pancreaticoduodenectomy justifiable? 

3. Is restoration of the external pancreatic secretion advisable? 

< 4. Clioice of one-stage or two-stage operation 

5. Choice of teclmique of pancreaticoduodenectomy 
6. Comments upon personal cases 

DIAGNOSIS AT OPERATION 

Some difficulty may be experienced in making a diagnosis of carcinoma in 
the ampullary region when the operative field is exposed. Chronic pancreatitis 
or a benign adenoma may so closely simulate carcinoma that a diagnosis made 
bj’- palpation alone may lead to a needlessly serious operation. The importance 
of this statement is clearly emphasized by the case of benign tumor of the 
ampulla reported by Horsley^® and the case of chronic pancreatitis recorded in 
Table II ; both patients were subjected to pancreaticoduodenectomy. It is also 
true that a diagnosis of carcinoma may be made, considered incurable, and 
proved to be vmong by many years of subsequent good health as shown by Kiefer 
and Moravec.^- A stone impacted at the ampulla may be mistaken for car- 
cinoma. If in doubt, a correct diagnosis of stone can easily be made by duo- 
denotomy. 

A thorough exploration of the liver, head of the pancreas, and regional 
lymph nodes should be made. In selected doubtful cases a duodenotomy and 
biopsy of the papillary area may be indicated or a biopsy of lymph nodes or 
pancreas may be advisable. If the diagnosis is not clear after a biopsy of the 

mesented at the Fifty-Second Annual Meeting of the AVestern Surgical Association, 
Chicago, 111., Dec. 1 and 2, 1944. 

Received for publication, Dec. 9, 1944. 


144 



ORH: PANCKEATICODUODENKCTOMY FOR CAUCINOJIA 


145 


papilla, Ijmipli nodes, or head of the pancreas, it is wise to plan the operation 
in two stages and complete the second stage after a positive diagnosis of an op- 
erable carcinoma is made. If gross or microscopic evidence of carcinoma is 
found in the regional lymph nodes or liver, the second stage of the operation 
should be abandoned. It is doubtful if life can be prolonged by a palliative 
paucreaticoduodcncctomy when proved metastases arc present. 

IS RADIC<\i PANCREATICODUODENECTOMY JUSTIFIABLE? 

In a discussion of a paper by Haiwey and Oughterson,^'' in 1942, Wliipple^® 
staled that radical operation for carcinoma of the ampullary region “is still 
unquestionably in the experimental stage.” 

It is generally believed that carcinomas arising in the papilla of vater or 
ampulla grow slowly and metastasize late. Baggenstoss^ supported this belief 
in his report that fifteen of twenty-eight carcinomas of the papilla of vater 
did not show metastases at necropsy. If this assumption is true, a liigh per- 
centage should be curable by radical operation. Considering the number of 
patients who have survived the radical operation and later died of metastases, 
the belief that the growth of the carcinoma is local for a very long period of 
time becomes less impressive. Five of tlie eight patients on whom I did pan- 
creaticoduodenectomy died of metastases. Altliougli the results of the cases 
reported from April 1, 1942, to Nov. 1, 1944, are incomplete, metastases were 
present at death, at operation, or wei’e noted before death in six of twenty cases 
with follow-up records. 

There has been no accurate publication of the final results of pancreatico- 
duodenectomy. Until a careful study is made, it will be difficult to state ivith 
any degree of accuracy what percentage of cures may result or what the average 
length of life will be foUoiving this operation. It is also difficult at present to 
compare and draw conclusions from the results obtained by the palliative op- 
eration, the transduodenal resection, and the radical operation (Tables III, IV, 
and V) . The data available are not very convincing that pancreaticoduodenec- 
tomy is superior to less radical measures. Kegardless of our lack of knowledge 
of final results, radical excision of a carcinoma arising in the ampullary region 
by the Whipple type of operation fulfills the requirements of cancer surgery 

in general and offers the greatest hope for the greatest number of cures in the 
future. 

IS RESTORATION OF THE EXTERNAL PANCREATIC SECRETION DESIRABLE? 

In 1908, Sauve^® stated that from the physiologic standpoint the head of the 
pancreas may be resected without anastomosis of the duct of Wirsung to the 
mtestines. Berg and Zucker^ described fatty degeneration of the liver in ex- 
perimental animals after ligation of the pancreatic ducts. It is reasonable to 
expect that fat digestion would be disturbed by excluding the external pan- 
creatic secretion, but Whipple, Parsons, and Mullins,^^ in their first cases of 
radical pancreaticoduodenectomy, found that 80 to 90 per cent of the fat was ab- 
sorbed. ,They suggested that there might be a compensatory secretion of a fat- 
splitting ferment in the upper intestine. According to Montgomery,^® experi- 
mental ligation of the pancreatic ducts results in atrophy of the pancreatic 
acinar structures and fatty infiltration of the liver. He warned that obstruc- 
tion of the secretorj’- mechanism of the pancreas in patients will lead to major 
disturbances of the individual’s ability to control his lipid metabolism, which 
must be controlled by replacement therapy. Cole and Howe^^ recognized the 
relationship between disease of the pancreas and fatty infiltration of the liver. 
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Table Y. Eesults of Kadical Pancbeaticobuodenectomy 


AUTHORS 

NUilBER 

OF CASES 
FOLLOAVED 

AVERAGE LENGTH 
OF LIFE OF 
PATIENTS DEAD 
WHEN REPORTED 
(MO.) 

AVERAGE LENGTH 
OP LIFE OF 
PATIENTS LWING 
WHEN REPORTED 
(MO.) 

NUMBER 

OF PATIENTS 

operated 

UPON 

operative 
mortality 
(per cent) 

^Vliippleio 

28 

7.7 

(11 cases) 



20.8 

collected cases to 
April 15, 1941 

Orr 

9.3 

(17 cases) 

41 

collected cases from 
April 1, 1942, to 
Nov. 1, 1944 
(Table I) 

Orr 

20 

5.0 

(C cases) 

9.9 

(14 cases) 

35 

25.7 

reported personal 
cases April 1, 1940, 
to Nov. 1, 1944 
(Table II) 

9 

21.7 

(0 cases)* 

15 

(2 cases) 

9 

11.1 


•Four of Giese cases are included in the collected cases but reported before death of the 
patient: One case was a priinarj- carcinoma of the duodenum which has been reported else- 
where (Table II). 


alimentary'- tract. The experimental work of Person and Gleiin®^ clearly in- 
dicated that the stump of a severed pancreas can be implanted into the ali- 
mentaiy tract vdthout loss of the external pancreatic secretion, atrophy of the 
pancreas, or fatty infiltration of the liver. After implanting the stump of the 
pancreas into the stomach, Person and Glenn proved by chemical analysis that 
the pancreatic secretion was maintained. In one of Child’s® patients pancreatic 
enzymes were demonstrated in the intestinal tract following pancreaticojejunos- 
tomy and in four of such cases there was no evidence of digestive disturbances 
following operation. Child also stated that in these four cases there was no 
instance of pancreatic fistula which has been such a troublesome complication 
when the stump of the pancreas is closed. DragstedP* noted in animals that a 
much better nutritive state exists when a remnant of the pancreas vath its 
duct is left connected with the duodenum and suggesed implantation of the pan- 
creatic duct into the stomach or intestine, whenever possible, in man following 
pancreaticoduodenectomy. In 1943, Whipple^® recommended the implantation of 
the stump of the pancreas into the jejunum to improve the e.xisting impaired fat 
digestion and to avoid the very annoying pancreatic fistula which frequently 
follows exclusion of the pancreatic secretion. In my oivn experience pancreatic 
fistula has not occurred when the stump of the severed pancreas has been anas- 
tomosed to the intestine. 

Is there any good reason why the end of the divided pancreas should not 
be imited with the intestinal tracts "Will future autopsies prove that ascend- 
ing infections in the pancreas, as a result of pancreaticoenterostomies, shorten 
the life of patients? WiU the proved fibrosis and atrophy of the pancreas fol- 
lowing the occlusion of the pancreatic ducts shorten life? Until these ques- 
tions can be answered, an unqualified opinion concerning the advisability of 
restoration of the external pancreatic secretion following pancreaticoduodenec- 
tomy cannot be given. One can state with assurance that to restore the external 
pancreatic secretion of the intestinal tract is a physiologic procedure. 

CHOICE OF one-stage OR TWO-STAGE OPERATION 

The one-stage operation is preferable if the general condition of the pa- 
tient will tolerate with reasonable safety such an extensive and prolonged pro- 
cedure. The earlier patients with periampullary carcinoma come to operation 
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Table VI. JMoRTAEiTr Rate of pANCREATicoDuoDENECTOMy 




NO. 

CASES 

POST- 

OPERATIVE 

DEATHS 

POSTOPERATIVE 

MORTALITY- 

RATE 

(per cent) 

Whipple’s collected cases to April 

Two-stage 

41 

12 

29.2 

1, 1942 

One-stage 

23 

8 

34.7 

Collected cases April 1, 1942, to 

Two-stago 

15 

4 

26.6 

Nov. 1, 1944 

Onc-stngo 

19 

G 

31.5 

Autlior’s added cases* 

Two-sta^o 

1 

0 

0.0 


Onc-stage 

4 

1 


Totals 

Two-stage 

57 

16 



One-stage 

46 

15 

32.6 


•Four earlier cases are includoa in tliesc collected cases. 


after the onset of symptoms, tlie greater the number that will be suitable for 
the one-stage operation. There will be a relalivel}’’ large percentage of deeply 
jaundiced and generally debilitated patients for whom the two-stage operation 
must be chosen. The first stage of the planned two-stage operation has a suf- 
ficiently high mortality to Avam the surgeon that the choice of operation must 
be very earefull 3 ’' made. Statistics to date indicate that the two-stage opera- 
tion has a slightlj’' lower mortalitj’- rate than the one-stage operation (Table VI). 

CHOICE OF TECHNIQUE OF PANCBEATICODUODENECTOAIY 

The large number of operative pi’ocedures that have been desciibed is ob- 
vious evidence that no standard teclinique has yet been adopted. Almost everj'' 
surgeon, who has reported his cases, has made some change in the technique 
(Figs. 1, 2, and 3). 


Table VIL Additional Oases of Carcinoma of Ampollary Region in Hospital Prom 

April 1, 1940, to Nov. 1, 1944 


PATIENT SEX 

~TW. M 
H.C. M 

P.K. M 

C.B. p 


age treatment 

70 Two-Stage operation planned: 

Pirst stage: Cliolecystojejunos- 
tomy and jejunojejunostomy 

46 Two stage operation: 

Pirst stage : Choledoclioduodenos- 
tomy 

Second stage: Died on operating 
table 

71 Two-stage operation planned: 

Pirst stage: Section of jejunum 
and end-to-side jejunostomy 
and cholecystojejunostomy 

82 Palliative cbolecystogastrostomy 


C. L. 


M 


64 Palliative cholecysto gastrostomy 


T. B. 

P 

71 

Clinical diagnosis of 

carcinoma 

B. S. 



head of pancreas 


M 

68 

Clinical diagnosis of 

carcinoma 

C.H. 



head of pancreas 


P 

69 

Clinical diagnosis of 

carcinoma 

A.D. 



head of pancreas 


M 

53 

Autopsy diagnosis of 

caicinoma 




head of pancreas 



of 

of 

of 


of 


RESULT 

Death after first stag© on 11th 
day; autopsy, metastases in liver 


Died during second stage ; au- 
topsy, metastases in lymph 
nodes 


Death after first stage on 10th 
day; autopsy, metastases to 
liver 


Lived 66 days; metastases found 
at operation 

Hospitalized 21 days ; metastases 
found at operation; lived 5 
mo. 

Died on second hospital day; no 
autopsy 

Died on fourth hospital day; no 
autopsy 

Discharged on fourth hospital 
day 

Died of advanced pulmonarj- tu- 
berculosis; autopsy, metastases 
in liver 
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A few fundamental principles maj" be recorded which have a bearing upon 
the choice of operation. They are (1) removal of sufficient tissue about the 
tumor to include any local infiltration of the tumor and the regional lymph 
nodes, (2) use of the common duet for anastomosis, when possible, instead of 
the gall bladder to facilitate drainage of bile and prevent leakage of bile from 


C0DMLLA-1S95 WHIPPLE. PARS0NS.+MULUNS-1935 BRUNSCHWIG -1937 




TRIMBLE, PARSONS.i- SHERMAN -1941 MAIN&0T-1941 DENNIS -194a 



Fig. 1. — Sketches illustrating various techniques of pancreaticoduodenectomy : Codi^ 
villa,’” Whipple, Parsons, and Mullins," Brunschivig,' Whipple,*” Moreland and Freeman,-' 
Hunt,” Trimble, Parsons, and Sherman,*” Malngot,” and Bennis.” 


a ligated common duct, (3) location of the anastomoses between the gall tract 
and pancreas and the jejunum proximal to the gastrojejunostomy to prevent 
infection of the gall tract and pancreas, (4) anastomosis of the pancreas to the 
jejunum to prevent pancreatic fistula and to restore the external pancreatic 
secretion to the intestinal tract. The operations of Whipple,^® Poth,^'' and Child^ 
incorporate these principles (Pig. 3). 
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COJIMENT ON PERSONjUj CASES 

In addition to the nine cases listed in Table II and Fig. 3, nine other cases 
have been observed during the period from April 1, 1940, to Nov. 1, 1944. These 
cases are listed in Table VII. 

A stndj' of all diagnoses of carcinoma of tlie ampuUary region brings up 
the question of the possible operability and curability of such patients. To 
estimate the value of any operative treatment, it is reasonable to include all 


WHIPPLE 1943 PHILLIPS -1943 BRUNSCHWIG-1943 



CATTELL-1943 POTH-1944 VATSON'1944 



CHILD -1944 



CHILD -1944 


PICKRELL BLA.LOCK-1944 


“’131 illustrating various techniques of pancreaticoduodenectomy, continued ; 

Bialo§r?!>i -Pniaips,® Brunschwig,' Cattell.* Poth,® Watson," Child,® and Pickrell and 


patients having the disease. Of the nine patients listed in Table VII, a two-' 
stage pancreaticoduodenectomy tvas planned for three. Two died following the 
first stage and one died on the operating table at the beginning of the second 
stage. Two patients had palliative cholecystogastrostomies because of extensive 
metastases. A clinical diagnosis only was made in three cases. Opei'ation w'as 
recommended in one of these. Carcinoma of the head of the pancreas was found 
at autopsy in one deeply jaundiced patient who died of advanced pulmonary 
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tuberculosis. Of the eighteen patients listed in Tables II and VII, eleven had 
proved metastases or clinical evidence of metastascs. The frequency of metas- 
tases in this small number of cases makes one wonder just what percentage of 
such patients is curable by successful pancreaticoduodenectomy. 


1941-a. 1941-b. 1942-c. 




Fig. 3. — ^Various techniques of pancreaticoduodenectomy used 

of Kansas Hospitals. 



CONCLUSIONS 

A careful study of each case must be made at the operating table to avoid 
a needless operation with a high mortality and to select those patients who are 
considered suitable for a radical operation. 

In spite of the rather discouraging results of pancreaticoduodenectomy to 
date the operation is fundamentally sound and offers the best chance of cure of 
patients having carcinoma of the ampulla and ampullaiy region. 
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The recorded evidence indicates that complete oeclnsion of the pancreatic 
duets will result in fatty infiltration of the liver, reduction in fat and nitrogen 
absorption in most eases, and fibrosis of t.hc pancreas with at.rophy of the acinar 
tissue. Although there is abundant evidence that jiatients and animals will live 
for several years in comparatively good health without the external pancreatic 
secretion-, there has been no valid reason yet recorded why the severed pancreatic 
stump of pancreaticoduodenectomy should not be united to the intestinal tract. 
The preservation of the physiology of the pancreas is a very good reason for 
panercaticoenterostomy. 

The choice of the one-stage or two-stage operation must depend upon the 
general condition of the patient and the findings at the opei’ating table. 

A teclmique of pancreaticoduodenectomy should be adopted which will 
reduce the time of operation, minimize ascending infection of the gall tract, pre- 
vent pancreatic fistula and biliary fistula, and preserve the noiTnal physiology 
of digestion. 

As in most types of cancer, earlj’- diagnosis of carcinoma of the ampullai’y 
region is essential to the success of operation. While we cannot credit delay in 
diagnosis to our medical confreres in all cases, the importance of early diagnosis 
should be vigorously emphasized and, as Whipple'*® has so aptlj" remarked, pa- 
tients Avith jaundice should not be “studied to death” before they reach the 
surgeon. 
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THE ORIGIN AND GROWTH OP AN ADENOJIA OP THE 
ISLANDS OP LANGBRHANS 

Louis P. Good, M.D., Texarkana, Texas 

S TUDIES of the patliolog3>- of adenoma of tlie islands of Langerhans began in 
1902, when NiclioUs^® found at autopsj'' a small tumor of the pancreas; he 
gave a detailed description of adenoma of the islands of Langerhans based on a 
careful gross and microscopic study of this tumor. During the next decade 
similar reports were made by Helmholtz,^ Morse,® Cecil,® Heiberg,® RoUett,®^ and 
others, the data for which were obtained at autopsy. A lai’ge proportion of the 
later reports included clinical histories and descriptions of tumors removed 
surgically. In 1926, Warren^® suggested the following criteria for the pathologic 
diagnosis of an adenoma of the islands of Langerhans: (1) that the tumor 
should be at least 1 mm. in diameter; (2) that the morphology and arrangement 
of the cells composing the tumor should resemble those of the islands of Langer- 
hans; (3) that the tumor should have a capsule; (4) that the surrounding acinar 
tissue should be compressed. 

Three theories of origin of adenomas of the islands of Langerhans have 
been proposed. Ssobolew,®® in 1904, classified a tumorlike structure observed in 
conjunction with insular hypertrophy as an embryonal rest; Prosorowsky,” in 
1913, stated the belief that adenomas of the island tissue, like many other 
tumors, arose from misplaced embrjmnal germs. Terbriiggen,®® in 1931, restated 
the theory of origin from primitive rests. Many, investigators accepted the 
theory advanced by RoIIett,“ in 1912, that adenomas of the islands of Langer- 
hans arose indirectly from the duct system — from islands whose differentiation 
was not complete. The origin of adenomas of the islands of Langerhans directly 
rom pre-existing mature islands was postulated by Cecil,® in 1911, and by 
iiesel,^® in 1921. It was the opinion of the latter that cystic adenomas arose 
rom the ducts and solid adenomas arose from the islands. He reiterated 
ensley s‘ theory that certain cells in the excretory tubules are totipotent, 
ickel and Nordmann,® in 1923, in a paper on exocrine adenomas stated the 
elief that both exocrine and endocrine tumors are derived from the excretory 
ducts. In one of the tumors described by Smith and Seibel,” in 1931, the mor- 
p lology of the cells, except for the absence of the typical drops of mucin, sug- 
gested the possibility of origin from the epithelium of a duct. O’Leary and 
Vomack,^i in 1934, and Whipple and Frantz, ®° in 1935, supported the view that 
Klet-eell tumors arise from ducts. Accepting this as the most plausible theory, 

. ^i^inw,® in 1938, proposed “nesidioblastoma” as a concise, descriptive name, 
indicative of the origin, to replace the cumbersome and perhaps incorrect term 
adenoma of the islands of Langerhans. ’ ’ 

The origin and development of the capsule of the nesidioblastoma has 
received little attention. The presence of a capsule of connective tissue was 
noted by Nieholls^® (1902), and the same structure has been reported for many 
of the tumors described. Elastic fibers were mentioned in reports by Rollett,*^ 

a-t the Piftv-Second Annual Meeting of the Western Surgical Association, 
t-hicago. 111.. Dec. l and 2, 1044. 

■Work begun at Mayo Clinic, Bochester, Minn., in 1928» 

Received for publication, Dec. 28. 1944. 
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LeComte," Priesel,^" Schneider,^® and Natali.® Only one author, Warren,^® 
specifically mentioned that the capsule of the tumor described by him contained 
no elastic tissue fibers. An early theory -Avas that pre-existing islands of Langer- 
hans by means of hypertrophy or hyperplasia, or both, encroached upon the less 
hardy acinar tissue, compressing it and causing atrophy and finally complete 
destruction of the acinar cells. As the parenchjTual cells Avere destroyed by the 
steadily groAAung and advancing tumor, the supporting connective tissue Avas 
compressed to form the capsule. The presence or absence of the capsule has been 
mentioned by various authors, but fcAv of them have reported on any study 
relative to the capsule or allocated to it any great significance (see Table I). 
A study of reports of 135 eases, a total of 1G3 tumors, show's that the capsule AA'as 
present and complete in 78, incomplete in 25, absent or not mentioned in 60. 
In the rather A\dde coverage of the litei-ature, I found no author Avho suggested 
that the capsule might be the duct AA’all, in spite of the fact that many authors 
stated the belief that adenomas originated from the duct epithelium. 


Tabi.e I. CAi’sni.E 



NO. or CASES 

NO. TUMORS 

CAPSUI.C 

COMPLETE 1 

pnr.sENT 

1 INCOilPLETE 

CAPSULE NOT 
r.EPOKTED OR 
ABSENT 


135 

1G3 

77 

25 

CO 

Multiple 

17 

45 

1C 

C 

23 


The capsule was uniformly complete, incomplete, or absent in .all but one of the pa- 
tients with multiple tumors. 


Pig. 1 shoAA's a photomicrograph of a typical adenoma of the islands of 
Langerhans. The tumor A\'as discoA’ered at autopsy in a man 70 years of age. 
Sjunptoms indicated that it had no clinical significance. The adenoma, AA'hich 
Avas located superficially on the anteroeaudal surface of the pancreas, approxi- 
mately tAvo inches from the splenic end, measured 4.1 by 3.1 by 2.9 mm. The 
diameter Avas greatest at the middle, but it Avas fairly uniform ; at each end the 
; tumor Avas tapered abruptly like the end of a cigar. The entire tumor Avas 
sectioned serially, and the sections AA'ere variously stained. Staining to bring out 
the various types of granules was not successful, probably because of improper 
fixation. The cells of the tumor resembled those of an island of Langerhans. 
They Avere cuboidal Avith a centrally placed nucleus and Avere arranged in 
columns and rosettes in close association Avith numerous blood sinuses and 
capillaries. The supporting netAA'ork of connective tissue Avas heavy. The tumor 
Avas surrounded by a complete, rather heavy capsule in AA'hich small ducts Avere 
visible. Ducts have been noted in capsules by numerous authors. The capsule 
also contained nonnal acinar tissue. One can understand the presence of acinar 
tissue and ducts in the Avail of the capsule, as Avell as the A'aination in the thick- 
ness of the capsule Avhen the entire tumor is studied in serial sections. The out- 
side of the capsule is not smooth like that of a blood vessel, rather it is shaggy 
and irregular (see Fig. 6). The shaggy, irregular character accounts in part 
for the variation in the thickness of the capsule and for the presence of acinar 
tissue and tiny ducts in the capsule. The acinar tissue is not actually embedded 
in the capsule; a hood of delicate capsular tissue extending from the mam 
capsule embraces but does not surrotind it. This is diagrammatically illustrated 
in Fig. 6. If a section AA'cre made through the tumor at X the capsule Avould 
look thick because the top of the hood of capsular tissue Avould be cut longi- 
tudinally. If the tumor Avere cut at Y the capsule Avould look as if it contained 
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acinar tissue because to llic left there is capsular tissue, then acinar tissue, 
and finally the lateral embrace of the delicate capsular liood (see Fig. 3, «c) . As 
one progresses dislally by serial seelioning to a point at 7j, tlie filament of cap- 
sule embracing Ibe acinar tissue disapi)ears,- the acinar tissue has joined the 
main pancreatic tissue and the capsule looks thin and does not contain acinar 
tissue. Ducts actually penetrate the heavy cap.sule. At D in Fig. 1, one can see 
a large duct cut in cross section; it is a typical pancreatic duct. The lining 
epithelial cells here arc somewhat cohunnar, and the duct contains a secretion 

! 



in adenoma of islands of Ijangeihans, completely surrounded by a capsule 

panel eatic small ducts and acinar tissue may be seen. Note cross section of large 

nuct D (Hematoxylin and eosm, X30.) 

possessing staining properties of mucin. As one studies more distal sections 
0 the tumor, a duct, which passes from the main duct, D, to the capsule of the 
a enoma, is seen in longitudinal section (Pig. 3). This also is a typical pan- 
creatic duet. It is interesting to note that this duct enters the capsule of the 
tumcir and courses in its wall for a short distance. The cells lining it are more 
cuboidal than those of the larger duct. In this section the lumen lias just been 
entered and the wall appears thicker than it actually is. Note the wall in the 
next section. 
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Fig:. 2. — More distal section of the same tumor as is shown in Fig-. 1 ; D, pancreatic duct 
in cross section ; Zb, capsule , C, tumor cells. Note small ducts (d) in tlie wall of the large 
pancreatic duct and also in the capsule. (Heniatox>lin and eosin, X7") ) 



Fjg. 3. — Section cut a few microns distal to that shown in Pig. 2. Note the smaller duct 
(Z)i) going from the pancreatic duct X> to the capsule of the adenoma in which it courses ^ 
some distance. Mucin was present in these ducts The wall looks thick because the microtome 
had just entered the lumen of duct Di in longitudinal section. (Mucicarmin, X75.) 
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FiS. 4. — A section just distal to tliat shown in Fie. 3. Generous numbers of wavy elas- 
tvP fibers can be seen in tlie wali of the pancreatic duct D, cut in cross section, in Di, 

iP® out in longitudinal section, and in the capsule of the adenoma. The architecture of 
pt fi'S <iuot and of the capsule is the same. Note the absence of elastic tissue fibers 
in the acinar tissue. (Weigert’s stain, X76.) 



fTT.... Fig. 5. Section showing the tumor cells of the adenoma of the islands of Il,angerhans. 

inematoxyhn and eosin, X500.) 

tumnr^,!fi'i Schematic drawing of a longitudinal section of the capsule of tlm adenoma. C, 
caS\ul» capsule; A, acinar tissue. Note the hood or V winch b-6. forms wiUi the 

a widp “l^hich embraces acinar tissue. A section made at A' would give the impression of 
F acinar tissue would appear in the capsule (see Fig. 3 oo). At Z the 
ar tissue has joined the mam body of acinar tissue. 

Insert: Adenoma with capsule in cross section. 
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Fig. 4 shows a section just distal to that sho\vn in Fig. 3 stained "with 
Weigert’s stain. One can see the wavj', elastic tissue fibers interspersed between 
the collagenous connective tissue elements that form the duct wall. Elastic tissue 
fibers, which are seen in the cross section of the large duct and in the longitudinal 
section of the smaller duct, pass into and form a part of the capsule of the 
adenoma. The capsule itself has a profusion of wa\^, elastic tissue fibere. They 
appear all around the adenoma, wherever the capsule is present. In this single 
picture one can see that the large pancreatic duct seen in cross section, the 
smaller duct seen in longitudinal section, and the capsule of the adenoma of the 



Pig-. 7. — A, Cross section oC a duct, showing proliferation of the duct epithelium. (Hema- 
toxylin and eosln, X157.) 

B, Section 600 g distal to Fig. 1A. Longitudinal section of tributary duct showing con- 
nective tissue fibers of the duct wall, proliferation of cells, and a small opening or duct leading 
through the duct wall ; an island of cells having the same characteristics as those of the duct 
epithelium lies close to the small duct. (Van Gicson, X157.) 

G, Section few microns distal to Fig. 7J? and just clear of the duct. Many islands of 
tissue with cells similar to those lining the duct can be seen. (Van Gicson, X157.) 

, X), (insert). Schematic drawing showing levels at which sections A, B, and G were 

taken from the duct and tlie pancreas. 

islands of Langerhans are of the same stmeture. Consequently, it is my opinion 
that the capsule of the adenoma of the islands of Langerhans is, in fact, the duet 
wall. An incomplete capsule can be explained on the basis of overgrowth of 
the tumor that eauses it to break out of the restraining walls of the duct. The 
presenee or absence of the capsule also depends on the point of origin of the 
adenoma in the duet system (see Fig. 16). If an adenoma originates in the 
terminal portion of the duets, the capsule will be absent because there is no waU 
in this part of the duct system. Illustrations of this type of growth are seen 
in Figs. 11, 12, and 13. In Pig. 12 one can see a small duct connected with a 
large islandlike structure from which it, no doubt, took its origin. Many islands 
are seen near by. Seventy-five per cent of the multiple tumors occur in dose 
proximity. Twenty-five per cent are found in widely separated segments of the 
pancreas. It should be noted that the duet has no wall. Pig. 13 shows an 
enlarged island, 1 mm, in diameter, that fulfills the earlier criteria for diagnosis 
of an adenoma of the islands of Langerhans except that it has no capsule. The 
absence of a capsule can be explained on the basis that the proliferation began m 
the duct system where the wall is absent. 
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Few examples of adenomas in tlie process of growing or of duct epithelium 
in a state of proliferation iiave been reported in the litei’ature. Parts A, B, and 
0 of Pig. 7 show photomierographs of duct epitlielium in a state of proliferation. 
Pig. 7, A, is a cross section of a duet. Note the proliferation of the duct epithe- 
lium. In the section shown in Pig. 7, B, 600 /a from that in Pig. 7, A, the lumen of 



Flff 8. Fig:. 9. 

1 .,=. unusual specimen. The section shous a polyp of islandlike structure g:row- 

t*'® lumen of a duct, originatlnp from tJie duct epithelium. It is easy to con- 
j ^ Ah® polyp would grow, fill the duct, and expand into an adenoma. Note the shape 
or the duct In cross section. (Hematoxylin and eosin, XISO.) 

— '^^® same section enlarged to show the similarity of the colls to those of an is- 
land of Langerhans. (Hematoxylin and eosin, X500.) 



the same or a tributai-y duct running at right angles to this was cut longi- 
tudinally. The proliferation of the epithelium is still evident and a small tribu- 
tary duct enters at this level. The same tjTie of proliferation and the same tjT>e of 
cells appear in the tiibutary and in the large duct. A section made just distal to 
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tlie duet is sliown in Fig. 7, C. There are many islands of eells separated by heav^' 
supporting eonneetive tissue. The eells composing these islands resemble those 
which were proliferating in the adjacent duet. Fig. 7, D shows the levels from 
which sections A, B, and C were taken. 



Fie. 11. 


Fie. 12. 


Fig. 11 — This isletiike structure measures 1 m)n. The acinar tissue surrounding it is 
compressed. There is no capsule, and a duct. A, seen at the center has no waii. (Hematoxy- 
lin, and eosin, X75.) 

Fig. 12. — Section showing a large island witli a small duct. A, coursing almost to the 
center of the island. This duct seems to be a tributary of tlie larger duct I). Note islands 
near by. (Hematoxylin and eosin, X75.) 
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As xincommon as are reports and photomicrograplis of pi*o]iferating epithe- 
lium of the duets, illusti’ations or descriptions of an adenoma in the stages of 
growth are still rarer. I obtained some photomicrograplis of rare specimens 
which I believe can be considered as demonstrating stages in the growth of 
an adenoma. Figs. 14 and 15 also show proliferating duct epithelium which al- 
most fills the lumen of a duct and the mass of cells measures about 200 n. 



Fig. 15. — Same specimen 200 n distal. Mass of cells resembles islands of Langerlians in 
size and appeaiance. (Hematoxylin and cosin, X75.) 



Fig. IG. — Schematic drawing of the duct system. Ducts usually branch at right angles rather 
than as sliown. Terminal ducts show no nail. 
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Please note that the length of the proliferating mass is a little greater than the 
diameter of the dnct in whieh it has taken origin. 

Fig. 10 presents another nnnsnal specimen. The growth of the duct 
epithelium has almost occluded the lumen of the duct and is now almost the size 



Fiff. 17. — Schematic representation of the average size of adenomas of the islands as 
reported in literature Some authors gave measurements in three and some in two dimen- 
sions, some in diameter only. Averages for each method are recorded and drawn to scale. 



Fig. 18 — ^Distribution of adenomas reported in the literature. The pancreas 
sectioned sagittally. The superficial tumors are represented in the anterior, the deep 
posterior, section. 
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of a normal island (240 fi). The proliferation seems to have taken place sub- 
epithelially and has pushed the lining epithelium, unbroken, in front of the ad- 
vancing mass of cells. It is easy to see how, with continued proliferation of 
cells, the lumen of the duct would be filled and an adenomatous mass would be 
formed with the duct \vall as its capsule. It is also easy to see that the growth 
would take place with less resistance along the lumen than against the wall; 
and if this is true, thcoreticall}^ the length of an adenoma arising in a walled 
duct would be greater than its cross diameter. The reports of authors who 
have carefully measured the size of the tumors in tlii’ee dimensions substantiate 
this theory (see Table II and Fig. 17). 

Fig. 8 shows an unusual specimen — a polyp of islandlfice cells arising from 
the duct epithelium and growing directly into the lumen of the duct. The 
polyp measures Vs bj’- mm. Fig. 9 shows this polyp under high power to 
illustrate the great similarit}’’ of the cells to those of an island of Langerhans. 
It is easj’’ to imagine that this polj’^p could groAV, fill the duct, expand into an 
adenoma, and become surrounded b}'' a capsule or the duet wall. The duct 
measures 0.8 bj’- 0.7 mm. in cross section, and the shape corresponds roughly 
to the outline of an average adenoma. 

While not strictly within the limits of the subject matter of this paper, 
there are facts closely enough related to the growth of the adenomas to be 
permissible for inclusion in the paper, and which, at the same time, I believe "ivill 
lend considerable interest for surgeons. Of the 135 cases of adenoma reported 


Table n. Average Size in Millimeters 


TUMORS SITUATED 

1 THREE DIMENSIONS 1 

TWO DIJIENSIONS | 

DIAilETER 

Buperfioially 

68 X 59 X 39 

16.5 X 11 

18 

Deep 

16 X 12 X 9 

16 X 11 

11 

All (including those whose 
location was not stated) 

28 X 23 X 17 

22 X 15 

11 


m the literature, in 17 cases, or about 8 per cent, multiple adenomas were 
present. Surgeons must recognize that in 1 of every 10 cases of hyperinsulinism 
due to adenoma, the tumor will be multiple. In 75 per cent of these cases, the 
tumors will be found in fairly close proximity to each other ; in 25 per cent, the 
tumors will be found in widely separated areas. The character and pattern of 
the multiple tumors are very much alike. For example, the capsule was com- 
plete, incomplete, or absent, uniformly in all eases of multiple tumors with the 
exception of one. The distribution of the tumors is diagrammaticaJly shown 
m Fig, Ig. The superficial tumors are presented in the anterior sagittal section ; 
the deep tumors are drawn in the posterior sagittal section. Tumors which were 
definitely localized are drawn accordingly in the diagram as to position, but not 
as to size. Many are not accurately described and had to be distributed on the 
basis of inaccurate knowledge. Table III gives the available data collected 
from the literature. As one would expect from a knowledge of the distribution 
of the islets of Langerhans, the tumors predominate in the tail of the pancreas. 
Tumors which are found in the tail are superficially located in a great majority 
of the cases. In the head, the majority of the tumors are found deep in the 
pancreatic tissue. It has occurred to me that the terminal (peripheral) blind- 
end ducts were more likely to be the seat of adenomas. If so, the interlocking 
ducts betv'een the dorsal and ventral pancreases might offer an explanation 
for the predominance of the deep-seated tumors of the head and neck of the 
pancreas. 
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Table III. Location of Adenojia of Islands of Langeriian.s 


TUMORS 

HEAD 

junction 

HEAD AND 
BODY 

BODY 

JUNCTION' 
BODY AND 

TAIL 

TAIL 

EXTRA 

pancreatic 

NOT 

LOCALIZED 

TOTAL 

Number 

21 

8 

18 

16 

34 

0 

60 

163 

Multiple 

7 


10 


11 




Combined 

4 


2 


2 





A drawing has been made to show the relationship in size which exists in 
tumors found superficially and deeply. Some authors (as they should) measured 
the tumors in three dimensions, others in two dimensions, and finally, some gave 
only the diameter. Consequently, in Table II is shomr the average size of the 
adenoma based upon each of the several waj's of measuring. Tumors described 
with comparative sizes were not included. The average size of the superficially 
placed adenoma measured in three dimensions is four times the size of a 
similarly deeply placed tumor. The large size of the superficial may be due to 
an erroneous inclusion of a low-grade malignant adenoma. In general, the super- 
ficially placed tumors are larger than those located deep in the pancreatic tissue. 
There is less resistance to growth. The measurement of tumors in three dimen- 
sions shows that the tumors are definitely' elongated and that the diameter of a 
cross section of the tumor shows it somewhat flattened. See shape of duct. 
Fig. 8. 

SUMMARY 


An effort has been made to show that the structure of the wall of the pan- 
creatic duct and the wall of the capsule is the same, and, therefore, the capsule 
is the duct wall and its presence or absence depends upon whether the adenoma 
took origin in a duct with or without a wall. And finally, the gulf which exists 
between the theory of origin and a mature adenoma has been bridged by shorving 
the proliferation of the duct epithelium, and intraductal islands of cells repre- 
senting stages of growth. 
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ISLET-CELL TUMORS OF THE PANCREAS 


Stanley R. SLyxeinek, JI.D., F.A.C.S.,* and Lieutenant Colonel 
Harry E. Bundy,! United States Veterans Hospit.vl, MiNNEiVPOLis, Minn. 


T he relationsliip of certain islet-cell tumors of the pancreas to hypoglycemia 
is now well recognized and interest in tjiis regard has been demonstrated by 
the increasing number of cases reported in the literature in the last decade. Islet- 
cell tumor's of the pancreas generally conform to the conception of hj’perin- 
sulinism which was fonnulated bj*^ Seale Harris. There ar^ generally signs of 
insulin shock of varying degree with an abnormally low blood sugar level, the 
sjTnptoms in most instances being relieved by the ingestion of carbohydrate. 

The first islet-cell tumor was reported by Nicholls, in 1902, who found a 
simple adenoma of the pancreas arising from the islands of Langerhans. Later, 
m 1926, Warren, in reviewing the literature, was able to find only sixteen cases 
of adenoma but he was able to add four of his 03vn. None of these tumoi’s pre- 
sented any sjTnptomatologj^ or clinical signs which would have led to their dis- 
covery and, as a result, the conclusion drawn was that they were only of aca- 
demic interest. 

The discovery of insulin in 1922, by Banting and Best, was followed by the 
recognition of insulin shock. In 1924, Seale Harris, observing similar reactions 
rn a limited number of cases, conceived the possibility that hyperinsulinism and 
hypoglycemia might occur as a result of oversecretioii on the part of either 
hyperplastic islets or tumor of the islands of Langerhans. At this time, how- 
ever, he called attention to other glands of internal secretion whose action might 
influence hypoglycemia, such as the thyroid, the anterior lobe of the pituitary, 
and the adrenals. 


The first case showing true evidence of hypoglycemia and hyperinsulinism 
was reported by Wilder and liis associates. In this patient there was a typical 
picture of insulin shock which failed to respond adequately to the ingestion of 
carbohydrates. At operation, at a later date, a carcinoma involving the 
islands of Langerhans was found with metastasis to the liver. Later at necropsy, 
an essay of the metastasis shOAA^ed a definite insulin content. Following this, 
case re ports were made Thalheimer and Alurphy, McClenahan and Norris, 
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and othci-s. The first islet-cell tumor giving typical signs of hjT)oglycemia 
with h 3 T)erinsulinism diagnosed and treated successfully by surgery was re- 
ported by Howland and his associates. This patient showed an adenoma. 
Its removal was followed by complete recovery and subsidence of all symp- 
toms. 'Whipple, in a recent review, was able to report 149 islet-cell tumors 
shovdng hypoglycemia. Of these, 106 were considered benign, 28 questionably 
malignant, and 15 definitely malignant with metastases to the liver. 

These tumors are generally single but two or more have been found in ap- 
proximately 10 per cent of the reported cases, being located principally in the 
body and tail of the pancreas but they ma 3 ’’ be found in the head of the gland. 
In situ these tumors are dark red or pui-plish in color due to increased vascu- 
larity and are firmer than the surrounding tissues. Their size varies but the 
average is 1 to 2 cm. in diameter. The tumors which are benign are encapsulated 
as are some of questionable malignancJ^ Tliej’’ maj' show signs of degeneration, 
either hyaline or fibrous, and- in some eases are definitely calcified. On micro- 
scopic section the cells are typical of islet cells, being edematous, but vary in 
arrangement and differentiation. In the questionablj’- malignant group there 
is some congestion of the capsule, and islet cells may be found in the capillaty 
beds. Alpha and beta cells maj’’ be .demonstrated bj' special staining. 

The symptoms of islet-cell tumor ma 3 ’' be hunger, sensation of faintness, 
perspii*ation, and vertigo or there may be signs in addition which are related to 
the nemmus system. Wilder has classified the nervous S 3 Tnptoms under three 
groups; (1) disturbance of the S3Tnpathetic nervous system with dizziness, 
nausea, pallor, and sAveating; (2) disturbance of the central nervous system, 
such as convulsions with tonic and clonic contractures of the extremities; (3) 
psychic disturbance with anorexia, maniacal seizures, mental confusion, and 
coma. These attaclcs frequentl 3 ’’ occur during periods of fasting or overfatigue, 
at which time the blood sugar levels are low. There is frequently a rapid re- 
\sponse to the ingestion of glucose either by mouth or parenterall 3 ’’. 

Whipple has presented a triad which he believes is ver 3 ’' useful in differenti- 
ating possible islet-cell tumors: (1) attacks of insulin shock coming on during 
fasting or an overfatigued state; (2) blood sugar findings of 50 mg. per cent or 
less; (3) prompt relief b 3 ^ the ingestion of glucose. When this triad is present 
the possibility of islet-cell tumor due to an oversuppl 3 ’’ of insulin must be 
seriously considered. 

• The presence of h 3 'pogl 3 memia presents a diagnostic problem. The influence 
of the other glands of internal secretion affecting carbohydrate metabolism must 
be given careful attention. The thyroid can be ruled out frequently b 3 ’' the clin- 
ical picture with the findings of dysfunction of the gland including an ab- 
normal basal metabolic rate. In the case of the pituitary, x-ray picture of the 
skull should show a widening or destruction of the seUa turcica, and the pres- 
ence of headaches with visual disturbance would indicate the presence of a tu- 
mor in this region. In the case of the adrenals, we might expect Addison s 
disease or findings of adrenal tumor itself. The liver, too, should be carefully 
considered but these cases show evidence of liver damage or insufficiene 3 ^ the 
patient manifesting symptoms of acute illness. The glucose tolerance test does 
not always give evidence which may indicate the definite presence of islet-cell 
tumors ; even the use of alloxan offers no positive aid in diagnosis. 

The medical treatment of hyperinsulinism due to suspected islet tumor is 
avoidance of fatigue and overexertion, and the intake of large quantities of g 
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cose either by ingestion or injection. Mild eases may be benefited and surgeiy 
delayed or avoided. 

Surgery must be employed in those more severely ill patients wlio are not 
adequately responsive to palliative measures. The general condition of the pa- 
tient should be brought to the best possible level by a high protein, high carbo- 
hydrate intake supplemented bj”- plasma and blood transfusions. 

The transverse or inverted T incision is parlicularly suited to operations 
on the panci’eas. The gland may be approached through the gastrohepatic or 
gastroeolic omentum but in either instance exposure should be adequate. If 
most of the greater curvature of the stomach is freed and reflected upward, 
practically the entire anterior surface of the pancreas can be visualized. Islet 
himors may be quite ob\nous or not visible at all and in the latter instanee the 
entire gland should be carefully palpated. In the presence of an obvious ad- 
enoma its removal is usualbv adequate to accomplish a complete relief of symp- 
toms, Hon^ever, it must be boi-ne in mijid that these masses ma 3 '' be multiple, 
and additional tumoi’s should be removed when ])resent. Several instances are 
reported in which a patient has requix’ed a second operation for removal of an 
adenoma missed at the first operation. What procedure to employ when a tumor 
cannot be found is open to debate. The abdomen maj’- be closed and further 
observation awaited to perform a possible second operation when the tumor is 
sufificientlj'' developed to peimiit its location and removal, or an adequate por- 
tion of the pancreas maj’’ be resected with the idea of cutting down the secretion 
of insulin similar to the treatment of hjqxerthj'roidism, in the hope that the re- 
moved segment of gland may bear the offending tumor. In ^^ew of the fact that 
islet tumors usually invade the bodj’- and tail of the pancreas, this is the portion 
removed. Bruschwig stated concisely that in those patients presenting the essen- 
tial triad, an exploratory laparotomy is indicated for excision of pancreatic 
islet-cell adenoma or, failing to find this, a subtotal pancreatectomy should be 
performed. This advice is also subscribed to by David, Cole, and others. Ac- 
cording to David, approximatelj^ four-fifths of the gland lying to the left of .the 
mesenteric vessels and weighing about 48 to 72 Gm. should be removed. To 
facilitate the operation and to guard against hemorrhage Wliipple recommended 
ligation of the splenic vessels and splenectomj’". Drainage must be employed to 
carry off leakage from the cut surface of the pancreas. This secretion, however, 
IS not unduly irritating to the skin as the digestive ferments have not been 
activated. Holman and his co-workei’s have reported a number of cases in whicli 
extrapancreatic islet adenomas have been the cause of liyperinsulinism and 
hjyoglj^cemia, 

CASE REPORT 

Mr. K. M., aged 24 years, whose family history and past history are of no importance, 
was a discharged soldier from the present world conflict. He was wounded twice in service, 
from which he recovered in a comparatively short time and was returned to regular infantry 
duty. He e.xperienced the first symptoms when he became unconscious while on sentry duty. 
Because of these attacks of unconsciousness he was sent to a hospital and evacuated to the 
United States. He experienced several attacks during the process of evacuation. In the 
United States he was studied in army hospitals but no definite diagnosis was arrived at and 
he was finally discharged as an epileptic. 

The patient was sent to the Veterans Hospital for further study and diagnosis. During 
the examinations it was noted that it was difficult to arouse him in the morning, that he 
experienced lethargy, drowsiness, and irritability, and was most uncooperative and difficult to 
manage, so much so that it was necessary to keep him in a lock section. Repeated blood 
s'ugar examinations were persistently low and on several occasions the patient went into a 
deep stupor at which time the blood sugar was found to be as low as 45 mg. per cent. He 
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In addition, the nuclei did not contain as much chromatin as the nodular masses previously 
described. 

CONCLUSIONS 

1. The clinician must be on the alert for that triad of symptoms described 
by Wltipple which indicates the presence of an islet-cell tumor of the pancreas. 



Fig. 4. — High-power view sliowmg charactcnsUc Islet tumor cells. 



Fig. 6. — An islet tumor about twenty times the size of the normal islet seen in tlie norma! 

surrounding pancreas. 

2. When tins triad is present, an operation exploring the pancreas is in- 
dicated. 

3. Eemoval of an obvious islet-cell tumor or tumors should be performed. 
When these cannot be visualized, pancreatic resection may be advisable. The 
present case report substantiates the latter statement inasmuch as nine islet 
tumors were found in a pancreas when they could not be demonstrated by vision 
or by palpation. 
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GASTROJEJUNOCOLIC FISTULA • 

Henry K. Ransom, M.D., Ann Arbor, ]\Iich. 

(From The Department of Surgery, University of Michigan Medical School) 

INURING the ten-year period from 1934: to 1944, forty-seven patients were 
treated by surgical operation for marginal or jejunal ulcer at the Uni- 
versity of Michigan Hospital. Five of these forty-seven patients required an 
additional operation during this same period because of recurrent gastrojejunal 
ulceration and one patient was operated upon three times for this same con- 
dition. Thus, a total of fifty-four operations was perfoimed upon forty-seven 
patients. Of the afore-mentioned forty-seven patients, eight or 17 per cent 
had the serious complication of gastrojejunocolic fistula. It is with this latter 
group of cases that the present discussion is concerned. This incidence of 17 
per cent is slightly lower than that reported by Benedict^ at the Massachusetts 
General Hospital, who found the incidence of fistula due to perforation of 
jejunal ulcer into the colon to be 23.8 per cent in twenty-one patients with 
jejunal ulcer treated surgically. However, when all of his marginal ulcer cases 
were considered, that is, those treated both medically and surgically, the inci- 
dence of fistula was found to be 13.9 per cent. According to a report by Ver- 
l^mgge," the incidence of fistula was 11.36 per cent among eighty-eight jejunal 
or gastrojejunal ulcers treated surgically at the Jlayo Clinic prior to 1924. In 
a later report from the same clinic Walters and Clagett^ found a gastrojejuno- 
colic fis tula to be present in twenty-three instances, or 13.6 per cent of 169 cases 

at the Fiftv-Second Annual Meeting of the Western Surgical Association, 

'-nicaeo. 111 ., Dee. 1 and 2. 1944 . 

Reeeived for publication, Dec. IS, 1944. 



178 


SURGERY 


of gastrojejunal ulcer in -wliieli operation •was performed during the years 1933 
to 1936 inclusive. 

Since the experience of any one surgeon in this field is not large, and since 
the number of cases seen in any one surgical clinic is relatively small, a sur- 
vey has been made of all of the eases of gastrojejunocolic HsUila at the 
University Hospital since its opening in 1925. During this period from 1925 to 
1944, eighteen unmistakable eases of gastrojejunocolic fistula due to ulcer have 
been encountered. The earlier cases in this group were presented in a pre- 
liminary report on this subject bj’’ Rife,^ in 1938. Fourteeen of the eighteen 
diagnoses were verified by surgical operation. In two of the cases the diagnosis 
was established bejmnd any doubt by clinical and roentgenologic evidence. 
Operation was advised but these patients refused treatment. In one instance, 
even though a positive diagnosis was made, no operation was advised because 
of the poor condition of the patient and his advanced age of 72 years. In only 
one instance was the diagnosis not made during life, being subsequently disclosed 
at necropsy. 

From a study of the eases reported in the literature, it is evident that gas- 
trojejunocolic fistula almost invariably occurs as a complication of a marginal 
or jejunal ulcer at the site of a gastroenteric anastomosis for duodenal ulcer. 
The great majority of cases occurs in instances of posterior gastrojejunostomy 
and much more often following simple short circuit operations rather than in 
cases of gastrojejunostomy associated with partial gastric resection. In the 
eighteen eases under discussion, duodenal ulcer was the primaiy lesion in every 
instance. It is a well-accepted fact that marginal ulcer rarely occurs following 
gastroenterostomy for gastric ulcer and is almost unheard of following gastro- 
enterostomy for carcinoma of the stomach. It is often stated that g’astrojejuno- 
colic fistula and gastrojejunal ulcer very rarely occur in women, the reason for 
his being the lower values for gastric acidity in women as compared with men. 
n a group of fifty-two cases of marginal ulcer reported by Judd,® in 1935, there 
ms but one woman patient. Seventeen of the eighteen patients were men, there 
eing onlj'- one woman in the series. While the exact cause of marginal or 
ejunal ulcer is not Imown, the prevailing Anew is that tliese lesions most often 
ccur in patients Avhose gastric acidity remains liigh following operation. This 
3 much more apt to be true in gastroenterostomy or duodenal exclusion opera- 
ions as contrasted AAutli subtotal gastrectomy. High gastric acidity is also more 
ikely to be present in the younger patients, in patients whose ulcer history is of 
hort duration, and in those who are subjected to operation in the absence of 
iroper. indications or before a sufficient period of medical treatment has been 
ried. 

The ages of the patients are given in Table I. Since gastrojejunal ulcer 
nd gastrojejunocolic fistula are, in fact, artificial lesions, the age of the pa- 


Table I. Age Incidence 


AGE (years) 

NO. OF CASES 

- 

30 to 39 inclusive 

5 


40 to 49 inclusive 

3 


50 to 59 inclusive 

7 


60 to 69 inclusive 

1 


70 to 79 inclusive 

2 



Oldest patient, 72 years. 
Youngest patient, 31 years. 
Average age, 49 years, 5 months. 
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Tabm II. Age at Tiue op Okioinae Opeuatjon foe Ulcee 


AGE (years) 

NO. OF cases 

20 to 29 inclusive 

4 

30 to 39 inclusive 

' 6 

40 to 49 inclusive 

3 

50 to 59 inclusive 

4 

Unknown years 

1 


Oldest patient, 5S ye.ars. 

Youngest patient, 21 years. 
Average age, 38 years, G inontlis. 


tient with this malady is roughl}'- pai-allcl to that of the patient at tlie time when 
the primaiy lesion, that is, duodenal ulcer, was treated by operation. It will bo 
noted that the oldest patient in this series was 72 (two cases) and the youngest 
patient 31 j^eai’s, the average age being 49 years and 5 months. The ages of 
these patients at the time of the' original operation for ulcer ai’e given in Table 
II. Here the oldest patient ivas 58 and the youngest 21 years, the average age 
at the time of the original operation being 38 jmars and 6 months. 

The original operations performed for the primary duodenal ulcer are listed 
in Table III. Of interest is the fact that in all save one, the primary operation 
to be followed later by a mai’ginal ulcer was a posterior gastroenterostomy. In 
the remaining ease, a posterior gastroenterostomy was originally performed but 
due to a malfunctioning stoma, a secondary operation was necessitated during 
the same hospital stay and this corrective procedure consisted of a conservative 
gastric resection. According to the history in one case, two years following the 
gastroenterostomy a gastrojejunoeolie fistula developed and was repaired else- 
where by a secondaiy surgical operation the exact nature of which is unknown, 
and at the time of the operation for the gastrojejunoeolie fistula, the only remain- 
ing evidence of an earlier surgical procedure was the posterior gastroenterostomy. 
In spite of experience at this hospital and the experience of others indicating 
a high incidence of marginal ulcer following duodenal exclusion operations, such 
as the Devine or the Pinsterer procedures, no instances of gastrojejunoeolie 
stula^ following such exclusion operations have been observed. Pour of 
e original posterior gastroenterostomies were done at the University Hospi- 
a . One of these was performed for an uncomplicated duodenal ulcer and two 
or duodenal ulcer with pyloric obstruction. The remaining case was thought 
at^ operation to be one of nonresectable carcinoma of the pylorus and a palli- 
ative gastroenterostomy was performed. This patient remained well and sjunp- 
tom free for six years following the operation, whereupon he developed pain in 
t e lower abdomen associated with the vomiting of blood. A diagnosis of a 
y eeding marginal ulcer was made and in spite of the fact that diarrhea de- 
veloped after hospital entry, the diagnosis of gastrojejunoeolie fistula was not 
made and the condition was revealed only at the necropsy. In Table IV is sum- 
marized the time interval between the original operation for ulcer and the 
operation performed for gastrojejunoeolie fistula. It shows a great varia- 


Table III. Original Operation for Ulcer 


— OPERATION 

— 

A 6. E. (University Hospital) 

A O. E. and cholecystectomy 
A 6. E., resection (malfunctioning^ stoma) 
A G. E. and closure acute perforation 
E. a. E. (Repair “fistula” 2 years later) 

*n. G. E., posterior gastroenterostomy. 


NO. OF CASES 

io 

4 

1 

1 

1 

1 
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Table IV. Interval Since Omginal Operation for Ulcer 


TIME (yE.VBS) 

NO. OF CASES 

Less than 2 

2 

2 to 5 

4 

6 to 10 

3 

11 to 15 

6 

Over 15 

2 


Longest interval, 26 years. Unknown "years,” 1. 

Shortest Interval, 1 year. Average, 9 years, C months. 


lion inasmucli as llie longest interval tvas twenty-six years, the shortest interval 
one year, the average being nine j^ears and six months. The patient was not 
certain as to how long before his University Hospital entry it was that the origi- 
nal gastroenterostomy had been performed, but it apparently was a matter of 
many years. A survey of the literature shows a great variation in this time iater- 
val between the original operation and the development of gastrojejunal ulcer and 
gastrojejunocolic fistula. Bornstein and 'WeinsheP mentioned one case in which 
a gastrojejunocolic fistula developed twenty-one yeai-s following a gastroenteros- 
tomy for duodenal ulcer. Probably the longest interval between the original 
gastroenterostomj’- and the occurrence of fistula is that recorded by Langemeyeri 
whose patient developed a gastrojejunocolic fistula forty years after an anterior 
gastroenterostomy. 

In Table V is outlined the duration of the iUness at the time of admission in 
the eighteen cases. For the most pai-t the admission iUness was fairly brief in 
duration, although for the group the average was approximately one year. 


Table V. Duration of Illness at the Time op Admission 


TIME 

NO. OF CASES 

Less than 3 months 

5 

3 to 6 months 

5 

7 to 12 months 

2 

13 to 18 months 

2 

19 to 24 months 

2 

; Over 2 years 

2 


Average, 1 year. 


SYMPTOMS 

The clinical diagnosis of gastrojejunocolic fistula is ordinarily not difficult 
and in our cases was made correctly in aU except the one instance already men- 
tioned. The existence of this condition frequently can be suspected from the 
history alone. The patient, usually a man, gives a history of more or less typical 
ulcer symptoms for a variable period of time. A diagnosis of duodenal ulcer 
having been made, an operation, usually a posterior gastroenterostomy, is ulti- 
mately performed. Partial or complete relief of the ulcer symptoms follows 
for a period usually of months, possibly of years. In an analysis of sixty-seven 
cases of jejunal or anastomotic ulcers occurring following gastroenterostomy in 
their own clinic, Allen and Welch® found that one-third originated within the 
first year, and two-thirds within the second year following the primary opera- 
tion. The beginning of new trouble may be marked by recurrence of the ulcer 
symptoms due to the recurrent marginal or jejunal ulcer. These symptoms may 
last for some time before the onset of the typical symptoms of gastrojejunocolic 
fistula. In other instances, however, there is no clear history indicative of mar- 
ginal ulcer but the first symptoms of recurrent trouble are those so characteristic 
of gastrojejunocolic fistula. Prom a study of the life history of the disease, it 
would be expected that prior to the onset of the fistula, symptoms of an anas- 
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tomotic ulcer would usually be present. This, however, was not true in the ma- 
jority of the cases herein reported, as only six, or one-third, of the eighteen pa- 
tients gave such a history. The remaining twelve patients in this series ap- 
parently were relatively symptom free until the onset of the symptoms of fistula. 
Of the patients wlio had marginal ulcer symptoms prior to the fistula, bleeding 
was one of the most prominent. 

Diarrhea . — ^Diarrhea is probably the most prominent and distressing symp- 
tom of gastrojejunoeolic fistula and the condition Avhich is chiefly responsible 
for the weight loss and the debilitated state of these patients. In some eases 
diarrhea is practically the only complaint, but more commonly this symptom is 
associated %vith others, such as abdominal pain, nausea and vomiting, flatulence, 
and eructations of foul gas described bj'^ the patient as having a fecal odor. Not 
infrequently blood appears in the stools, particularly at the begiiming of the 
symptoms, presumably at the time when the marginal ulcer actually perforates 
into lumen of the colon. Five of the eighteen patients reported having had 
bloody or tarry stools on occasions prior to entry. It is said that following per- 
foration, the ulcer itself heals, although in two of the three patients in our series 
examined at necropsy, multiple ulcers were present in the stomach and jejunum. 
One of the necropsies ivas done upon a patient who had not been operated upon 
and the other was done postoperatively. With the beginning of the trouble, the 
diarrhea may occur in episodes with comparative freedom from this symptom for 
brief periods. In most eases at the time of hospital entry, it had become more* 
severe and persistent. Diarrhea was a prominent symptom in all of the eighteen 
cases and was the chief complaint in thirteen. Pfeiffer and Kent® were of the 
opinion that the diarrhea is not necessarily due to the entrance of undigested 
food directly into the colon from the stomach and in many instances even though 
the diarrhea is severe and persistent, the passage of large quantities of recog- 
nizable rmdigested food is not the rule. In their detailed histories, only six of 
the patients described undigested food in the stools. As the result of roentgen 
studies, Pfeiffer and Kent suggested that the diarrhea is really due to the re- 
gurgitation of colonic contents into the jejunum. This fecal matter from the 
colon proves irritating to the jejunum and provokes exceedingly active peristal- 
sis, which in turn accounts for the abdominal cramps and the diarrhea. They 
stated that in their roentgenologic studies, barium from the stomach entered 
t e colon rather slowly, even when the fistulous opening was large. On the 
contrary, barium administered by rectum promptly entered the stomach and the 
jejunum through the fistulous opening. 

Fomitiugf.— Vomiting is probably the second most important symptom of 
patients with gastrojejunoeolic fistula. It is often described as fecal, but as a 
matter of fact, it is not the stereoraceous vomiting such as is encountered in 
small bowel obstruction. It undoubtedly plays a considerable role in the de- 
hydration and emaciation of patients and may bring about serious disorders 
m the body chemistry, such as alkalosis. Nine of the patients in the series gave 
a history of vomiting as an important symptom and in four of these the vomitus 
was feculent in character. Pour patients who did not give a history of vomiting 
gave a definite history of fetid eructations. 

Weight Iross.— -Weight loss is an almost constant finding in these patients 
and in many instances reaches an extreme degree. Some degree of weight loss 
was present in all of the eighteen cases, the gi'eatest loss recorded being 60 
pounds, whereas the average weight loss was 33.3 pounds. This marked degree 
of emaciation is one of the important reasons -why these patients are such poor 
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operative risks and why they are susceptible to infection in the peritoneal cavity 
as the result of contamination b5’' fecal matter at the time of operation. In view 
of the mechanical nature of the lesion, any great improvement in the state of 
nutrition prior to operation is difficult or impossible. 

Pain . — Pain of some degree is usually present. In those patients who have 
symptoms of marginal ulcer prior to the onset of fistula S3’-mptoms, the pain is 
uspally of the type ascribed to stomal ulcer. Thus, it is more severe and more 
intractable to medical treatment than the primar}’- nicer pain and is often situ- 
ated to the left of, and slightlj’- below, the umbilicus. In the patients with fisula, 
oftentimes the pain is not characteristic and maj"- be of the type of any colonic 
lesion, namely, in the lower quadrants of the abdomen. In a certain number of 
patients, pain appears to be due in pai*t to some degree of mechanical intestinal 
obstruction. Obstruction maj’- occur in the colon at the site of the perforation, 
which in turn results in constriction of the transverse colon by scar at this level 
or it may be due to small bowel obstruction, the obstruction involving the af- 
ferent segnient of the jejunum emploj-ed in the original anastomosis. In still 
other instances, small bowel obstruction may occur from adhesions of unrelated 
loops of small bowel to the large inflammatoiy mass at the site of the fistula. 

EX:,VMINATION 

Physical examination on the whole aids but little in arriving at the correct 
diagnosis. The most important features observed are the emaciation and de- 
hydration and the evidence of multiple vitamin deficiencies. Often a ventral 
hernia is found at the site of the former operative scar. Palpable masses Yutliin 
the abdomen and areas of localized tenderness are usually absent. Again, there 
may be signs of incomplete intestinal obstruction. This may occur in episodes. 
Due to the common occurrence of hypoproteinemia, nutritional edema may be ob- 
served. This finding was noted in ten of the forty patients reported by At- 
water, Butt, and Priestley.*® 

LiVBORATORY EXAMINATION 

; Blood . — ^Anemia of moderate or severe degree is manifested by these pa- 
tients. Two factors may be responsible. Deficiency of iron in the body due to 
failure of absorption will account for a hj^pochromic form of anemia. A deficit 
in the erythrocyte maturation factor of Castle in the intestine produces a mac- 
rocytic type of anemia. Fifty-two per cent of the forty cases studied by At- 
water, Butt, and Priestley showed hemoglobin values below the normal range, 
and blood smears showed maerocytosis in 14 per cent. 

Serum Proteins . — Serum protein determinations were made in ten of the 
cases. In all but one the values for total proteins were below normal. The low- 
est reading was 5.5 Gm. per cent and the average for this small group of cases 
was 6.16 6m. per cent. Atwater, Butt, and Priestlej’- found lowered values 
for serum proteins in 88 per cent of their patients tested, the lowest value being 
3.7 Gm. and the average 4.9 6m. per cent. 

Blood Ascorbic Acid . — ^Determinations of the concentration of ascorbic acid 
in the blood were made in a small number of patients. All showed readings con- 
siderably below normal, the average reading for this group being 0.30 pig. per 
cent. 

Prothrombin Clotting Time . — Due to the anatomic features involved in 
o-astrojejunocolic fistula, there is likely to be impaired absorption of vitamin K 
from the intestinal tract with a resultant hj'poprothrombinemia. Because of the 
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serious consequences at operation, if such a state is not recognized and corrected, 
the prothrombin clotting time should always be determined prior to operation. 
Atwater, Butt, and Priestley found a definitely prolonged time in 43 per cent 
of their cases studied in this manner’. 

ROENTGENOLOGIC EXAMINATION 

Roentgen studies undoubtedly afford the most important means of proving 
the existence of gastrojejunoeolic fistula. The diagnosis is often suggested or 
made follovdng the administi'ation by mouth of the barium meal when at the 
fluoroscopic examination barium is seen to enter the colon promptly -(Pig. 1). 
However, Avhen the fistula is small or if the barium enters the colon slowly this 
finding may be overlooked. As a part of the examination, the barium enema is 



tensive flUinsr 5°5?*6:enogram taken shortly after the Ingestion of barium and showing ex- 
the opaoue finw small bowel, and a poitlon of the transverse colon On fluoroscopy 

in imm&iate fliun.?® « rapidly through a gastroenterostomy opening and resulted 
stoma. uuing of the transverse colon There was an exquisitely tender point over the 


iiios elpful and important (Pig. 2) . In the present series of cases, roentgen- 
0 ogle studies were carried out in every instance. In one case the examination 
iras meomplete and unsatisfactory due to weakness of the patient and his in- 
3 1 ty to cooperate during the examination. Of the remaining seventeen eases 
e gastrojejunoeolic fistula was demonstrated in fifteen, whereas in two the 
roentgen examination showed evidence of obstruction at the gastroenteric stoma. 
In both of these cases, however, the clinical data afforded convincing evidence 
of the presence of some type of internal intestinal fistula. Thus, by careful 
study the diagnosis rarely remains in doubt and with the diagnosis established, 
a regimen of suitable preoperative care may be instituted and the details of 
the operative procedure planned in advance. 
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TREATMENT 

Preopcrative Preparation . — Due lo the cachectic state of these patients, 
ample time in the hospital before operation for the eorrection of the several 
nutritional disorders is essential. In the gx’oup of fourteen operative cases 
under discussion, the shortest period of preoperative preparation was two 
days, whereas the longest interval before operation "was thirty-one days. The 
average for the group was 12.3 days. Due to the diarrhea and vomiting, there 
is usually dehydration, hence fluid balance must be restored and subsequently 
maintained. The vomiting causes chloride loi5s with a resultant alkalosis. Diar- 
rhea, on the other hand, is apt to be responsible for abnomal sodium losses with 



Fig. 2. — Roentgenogram taken following the Introduction of barium per rectum. This 
shows extensive Ailing of colon, small bowel, and stomach. At the Auoroscopic examination 
marked spasm was noted in the mid-transverse colon. Small bowel Ailing occurred at this 
point and the cecum could not be well demonstrated. 

acidosis as a consequence. Because of vomiting and rapid weight loss, ketosis 
is often present. Vitamin deficiencies are usually multiple and vitamin supple- 
ments are indicated. Blood transfusions are important in correcting secondary 
anemia and hypoproteinemia. None of the fourteen patients was treated by any 
form of chemotherapy before operation. With sulfasuxidine now available, its 
use before operation would seem to offer additional protection. 

Operation . — The treatment of gastrojejunocolie fistula recommended by 
most surgeons in the earlier days consisted of disconnection of the three struc- 
tures involved with closure of each and restoration to normal. Sometimes a 
pyloroplasty was added. The mortality was high due to the poor nutritional 
state of these patients and the more or less inevitable soiling of the peritoneum 
with fecal matter at the time of the operation. In order to solve this problem, 
a number of special procedures has been devised. Allen^^ has employed success- 
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fully a method of aseptic closure of the stomach and jejunum with aseptic re- 
section of the involved segment of colon. This undoubtedly is of value in some 
of the smaller fistulas but docs not seem to lend itself well to the larger and 
more complicated ones. Findlay*- has advised a multistage operation iitilizing 
the Milculicz principle. The involved loop of transvei’se colon "with the jejunal 
stump attached is exteriorized and suksequently removed. Scrimger*® and 
Estes*^ have suggested gastric resection Avith exclusion of the fistula, which may 
be done Avith exenteration of the mucosa of the cuff of remaining stomach at- 
tached to the intestine. Of the more recent suggestions proposed, two of the 
most outstanding are those of Lahey and Marshall*® and of Pfeiffer and Kent. 
The former propose a planned tAvo-stage procedure. At the first stage the 
terminal ileum is transected, tlie distal end closed and dropped back into the 
abdominal cavity. The distal end of the proximal segment is then anastomosed 
side-to-side to the upper descending colon. By this procedure the intestinal 
stream is rerouted around the colic fistula, thereby excluding the involved seg- 
ment of colon from the digestive tract and thus reducing to a minimum the con- 
tamiination from the loAvcr reaches of the intestine. The functional activity of 
the boAvel is restored before tlie second stage, Avhich is carried out about three 
months later. At this session, a block resection of the terminal ileum, right 
colon, transverse colon, and distal tAvo-thirds of the stomach is performed. This 
procedure has been used in eight cases Avith one death. More recently Lahey*® 
has reported one case in which, folloAving the first stage procedure, the fistula 
healed spontaneousljL While in his experience other fistulas have not closed 
spontaneously, he suggested that possiblj’- a longer interval betAveen stages 
should be aUoAved and that perhaps by so doing certain other fistulas might 
close spontaneously, thereby avoiding the necessity of a second stage. 


Another suggestion in recent years and one that has received enthusiastic 
endorsement by many leading surgeons is the plan proposed by Pfeiffer and 
Kent in 1939. As the result of roentgenologic fluoroscopic examinations, they 
observed that the passage of material from the stomach into the colon is sIoav 
and the amount small. On the contrary, the regurgitation of colonic contents 
into the stomach and jejunum is rapid and provokes violent peristalsis due to the 
irritating effect of fecal matter in the jejunum and this in turn accounts for the 
larrhea. Pfeiffer and Kent, therefore, performed a complete ascending colos- 
tomy as^ a first stage procedure. A remarkable improvement f olloAving this op- 
eration is reported. The patients gain in weight and in general health, and the 
second stage can be performed several months later. At this time a marked 
subsidence in the inflammatory reaction at the site of the fistula has taken place, 
n some of their cases, the second stage consisted of restoration to normal and 
in others of disconnection Avith gastric resection. 

Operation . — In Table VI are given the various operative procedures em- 
plo3’-ed in the fourteen patients treated surgically. In all of these cases the treat- 
ment has consisted of a one-stage direct attack. Obviously, no single procedure 
can be used in all cases as evinced by this list. 


Recurrent gastrojejunal ulceration following gastrojejunostomj^ may occur 
as a true stomal ulcer situated directly at the anastomosis or as a jejunal 
Ailcer located a variable distance from the anastomosis but practically alAA'ays 
distal to it. Similarly, Avhen fistula formation takes place, it may exist in either 
of these tAA'o forms. In only one of the fifteen cases in Avhich the fistula Avas 
examined at operation or necropsy was there a true jejunocolic fistula. In this 
case the fistula Avas found 18 cm. distal to the gastroenterostomy. Here the 
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Table VI. Operations Performed for Repair of Fistula 


operation 
Gastric resection 
Resection jejunum 
Closure colon 

Gastric resection 
Closure jejunum 
Closure colon 

Restoration, triple closure 

Restoration, triple closure ) 
Pyloroplasty J 

Disconnection 
Resection jejunum 
Closure stomach 
Closure colon 


} 


1 

i 


{ 


(Postoperative polya) 

Disconnection 
Closure colon 

Reanastomosis stomach to jejunum 
Jejunojejunostomy 

Separation jejunocolic fistula 'I 

Closure jejunum ( 

Closure colon ( 

(Gastroenterostomy left intact) J 


NO. OF CASES 


2 


o 


2 

1 


1 


1 

j 


surgical problem tvas relatively simple. The gastroenterostomy was left intact 
and a separation of the jejunum from the colon with closure of each of these 
structures was carried out. Ten of tlie remaining fourteen cases exemplified true 
gastrojejunoeolic fistula while the I'emaining four evidently represented a com- 
plication of a jejunal ulcer which had developed only a few centimeters distal 
to the anastomosis. Because of the proximity of these latter jejunocolic fistulas 
to the gastroenterostomy, the surgical problem of repair was essentially the 
same as in the fonner group. 

The size of the fistulous opening may vary considerabl}*. In the fifteen 
cases, notes regarding the size are available in twelve. The largest opening was 
6 cm. in diameter and the smallest 0.5 cm., the average being approximately 4 cm. 

■While gastric resection is undoubtedly desirable in preventing reactivation 
of the ulcer at a later date, it was performed in only four of the cases, the 
simpler procedures of restoration or restoration with pyloroplasty being adopted 
for the remainder of the group. 

In the fourteen surgical cases, there were two operative deaths or a mortal- 
ity of 14.3 per cent (Table VII). These fatal cases were the first and fourth 
in the series when the cases are arranged in chronologic order. The last ten con- 
secutive operations have been performed without a fatalitj'-. One of the two 
fatalities involved a gastric resection, whereas the second consisted of a restora- 
tion with pyloroplasty only. The first patient died on the tenth postoperative 
day of peritonitis due to leakage at the suture line in the closed colon. The sec- 
ond death occurred on the eighteenth postoperative daj’-, the patient ha^dng done 
well until that time. He suddenly went into shock and died shortly afterward. 


Table 'VTI. Gastrojejunocolic Fistula (14 Operations), Operative Deaths (2), and 

Mortality (14.3 Per Cent) 


OPERATION 

(1) 10th day Gastric resection, reseetion 

jejunum, closure colon 

(2) 18th day Disconnection, closure stomach. 

Closure jejunum, closure 
colon, Finney pyloroplasty 


NECROPSY 

General peritonitis 

Iieakage of suture line in colon 

Lung abscess, right lower lobe, 
with perforation into_ pleural 
cavity; all suture lines in- 
tact 
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Necropsy showed that death was due to the rupture of a lung abscess into the 
pleural cavity. Necropsy examination was done in both of these fatal cases. 
While every effort shoidd be made to avoid contamination of the field at the time 
of operation, this is not ahvays possible. Aseptic closures or anastomoses should 
be used if feasible. It should be remembered that the peritoneum has a strong 
defensive power against infection, although it undoubtedly is lessened in these 
debilitated patients. Peritonitis usually occurs from continued contamination 
from a leaking suture line or anastomosis, rather than from a single contamina- 
tion. In this series of cases, intrapei’itoncal sulfonamide therapy was not em- 
ployed. The status of the sulfonamide drugs intraperitoneally is not yet fullj' 
evaluated. In general this type of therapy has been used far less, with added 
experience in other related conditions, such as the surgery of the colon for car- 
cinoma or chronic ulcerative colitis. Iir such cases unless there is gross con- 
tamination with extensive soiling of the peritoneal surfaces, intraperitoneal 
sulfanilamide or sulfathiazole is not now employed. As far as the abdominal 
wound is concerned, the most rmlnerable tissue to infection is the subcutaneous 
fat, and wound infection in such cases is not infrequent. Wound sepsis oc- 
curred in six of the cases but foi’tunately was not severe in any. It is now be- 
lieved that in all of these oases the method of delayed primary closure of the 
wound as proposed by Collar and Valk^^ should be employed. 

END RESULTS 

The end results in the fourteen cases are summarized in Table VIII. It 
rvill be noted that all three of the patients who survived an operation including 
gastric resection have remained well and free of ulcer symptoms. Of the nine 


Table VIII. Follow-Up Studies in Twelve Cases 


RESULTS IN NINE OPERATIONS NOT INVOLVING 
gastric RESECTION (FOLLOWED 3 TO 10 TEARS) 

NO. OF CASES 


ilni results 

Good 

Recurrence of ulcer symptoms 
(Reoperation, 3) 

4 

5 


RESULTS IN THREE OPERATIONS INVOLVING 



— GASTRIC RESECTION 



End results 

Good 

3 



patients surviving the more conservative procedures, only four were well and 
s^ptom free. Five patients in this group developed definite recurrence of their 
0 u cer symptoms. Three of these patients subsequently returned to the 
espial for further operative treatment (Table IX). The first case was one in 
w ic a conservative Polya resection had been done secondary to a gastro- 
en erostomy complicated by a malfunctioning stoma. Eeeurrence of symptoms 

Tabee IX. Gases Eequieinq Subsequent Surgical Treatment for Ulcer 


( 2 ) 


Closure colon 

Eeanastomosis stomach to jejunum 

1/11/37 

Hestoration 


(3) 2/10/39 
Eestoration 


7/20/34 

Excision marginal ulcer 
Resection jejunum reanastomosis 
Jejunojejunostomy 

3/18/38 

Devine exclusion operation for reacti- 
vated duodenal nicer 

3/18/41 

Gastric resection for reactivated duo- 
denal ulcer (Hofmeister) 
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occurred a short time following discharge from the hospital and three months 
after the original operation for fistula, a secondary operation was performed. 
At this time the new marginal ulcer w'as excised and a restoration of the Polya 
anastomosis made. The jejunum at the site of the marginal idcer was resected 
and an end-to-end anastomosis perfomed. Inasmuch as there tended to he some 
angulation of the jejunum due to adhesions, an additional jejunojejunostomy 
was performed. The second patient, approximately one year after a restora- 
tion operation, required further surgical therapy because of recurrence of the 
original ulcer S5Tnptoms. The original duodenal ulcer became reactivated and 
progressed to a stage of obstruction; accordingl}’-, reoperation was necessary. 
Because of dense adliesions at the site of the original ulcer, a Devine exclusion 
operation was performed. The third patient, approximately two years after a 
restoration operation for fistula, developed recurrent symptoms from the original 
ulcer. These were sufficiently severe to demand further surgical therapy. At 
this secondary operation, the conventional type of subtotal gastrectomy accord- 
ing to the Hofmeister technique was carried out. 

■ It is apparent that the best operation for the correction of gastrojejxmo- 
colic fistula is one in which subtotal gastrectomy is perfonned. However, with 
the possible exception of the stage operations of Lahey and Pfeiffer and Kent 
this often is not feasible or safe. Since simple restoration to normal has af- 
forded complete relief in four of nine patients, this method has a definite place 
in the treatment of certain of these fistulas. Tliis is particularly true inasmuch 
as many of these patients had meager indications for the original operation as 
compared with present-day standards. Moreover, should recurrence of the origi- 
nal ulcer take place, the more desirable operation may he perfonned ^vith a pa- 
tient in sufficiently good physical condition to withstand it. This is evidenced 
by that fact that there were no deaths among the three patients upon whom 
radical operations were subsequently performed. 

OTHER GASTROENTERIC FISTULAS PRESENTING SIMILAR PROBLEMS 

During the period of time covered in this report, certain other gastro- 
colonic fistulas due to primary disease were encountered (Table X). Pour of 
these cases presenting somewhat similar problems were instances of primary 
carcinoma of the stomach in which spontaneous perforation into the transverse 
colon had taken place. In three cases exploration was carried out but the lesion 
was found to be hopelessly inoperable. In the remaining case of gastric car- 
cinoma vdth gastrocolic fistula, a block resection of the involved segment of 
colon and lower portion of the stomach was successfully carried out. At the 
latest report, over two years later, this patient was free of recurrence. There 
was one case of carcinoma of the transverse colon with perforation into the 
stomach and a resultant gastrocolic fistula. Here no operation was advised. A 
single example was found of gastrocolic fistula secondary to tuberculous enteritis. 
This 'patient had pulmonary and intestinal tuberculosis and upon roentgen ex- 
amination was found to have a gastrocolic fistula involving the stomach and the 
upper descending colon. Surgical treatment was not advised. 


Table X. Gastkocolic Fistulas Due to Peimary Disease 


LESION 

NO. OF CASES 

— 

Tuberculosis (pulmonary — intestinal) 
Carcinoma of transverse colon 

Carcinoma of stomach 

Carcinoma of stomach 

1 No operation 

1 No operation 

3 Exploration only 

1 Block resection, recovery 
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A small but interesting gi'oup of cases is the one of gastroenteric fistula 
due to surgical erroi-s. Four such eases have been encoimtered (Table XI). 
The fii’st of these was one of gastroeoloslomy, the original surgical operation 
having been performed five and one-half years previously for a duodenal ulcer 
with pyloric obstruction. Before leaving the hospital the patient complained 


Table XI. Gastroenteric Fistulas Due to Surgical Errors 


Gastrocolostomy 

Duodenal ulcer, obstruction 

Disestablishment, cure 

Operation, Stli years previously 
Vomiting, diarrhea since 


Gastroileostomy 


Duodenal ulcer, acute perforation 

Disestablishment, cure 

Operation, 3 years previously 

Diarrhea since 

Gastroileostomy 

Duodenal obstruction 

Disestablishment, cure 

Operation, 7% years previously 
Diarrhea since 

Gastroileostomy 
‘ ‘ Ulcers ' ’ 

Disestablishment, gastric resec- 
tion (Finsterer), death 

Operation, 15 years previously 

Obstructive symptoms 


of fecal vomiting and ever since the opei'ation had continued to have both 
vomiting and diarrhea. At the time of the second operation, an anastomosis 
was found to have been made between the greater curvature of the stomach 
aud the distal transverse colon. The treatment consisted of disestablish- 
ment^ of the anastomosis and the patient promptly improved, subsequently 
remaining weU, Three examples of gastroileostomy were encountered. All of 
the original operations had been performed for duodenal ulcer. Two of these 
patients had had diarrhea dating from the time of the original operation. The 
other patient had had a gastroenterostomy fiLEteen years before and for a num- 
ei of years following it had symptoms of partial or incomplete small bowel 
0 struetion. Diarrhea was not an important symptom in this case. In two of 
ese cases of gastroileostomy the treatment consisted of disestablishment with 
prompt recovery. In the remaining case, the anastomosis was disconnected and 
a gastric resection by the Finsterer method was performed. Death occurred on 
e ninth day, from peritonitis. Necropsy disclosed that this was due to leak- 
age of the closed distal antral end of the stomach. 

SUMMARY 

■ u' patients with marginal or jejunal ulcer were treated sur- 

ges y at the University Hospital during the period 1934 to 1944. Bight pa- 
lents, or 17 per cent of the surgical cases, had the serious complication of gastro- 
jeounocolic fistula. 

. . During the period 1925 to 1944, eighteen unmistakable cases of gastro- 
jejunocolic fistula have been observed. Fourteen of these patients were treated 
by surgical operation. 

3. All of these cases of gastrojejunocolic fistula represented a late com- 
plication of posterior gastroenterostomy for duodenal ulcer. 

4. The longest interval between the original operation for ulcer and the 
hospital enti-y for fistula was twenty-six years; the shortest interval was one 
year and the average time nine years and six months. 

5. Nearly all patients exhibited serious nutritional disturbances requiring 
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intensive preoperative treatment. The time spent in tlie hospital prior to op- 
eration ranged from two to thirtj'-one days, the average time being 12.3 days. 

6. The surgical operation in all cases consisted of a one-stage procedure. In 
ten instances a restorative t 3 T;)e of operation was performed, whereas in four 
cases, gastric resection was included. There was one postoperative death in 
each group, or a mortality of 34.3 per cent for tlie entire series. 

7. Follow-up studies showed that all patients who survived operations 
involving gastric resection had good results, whereas, only four of the nine pa- 
tients surviving the more conservative operative procedures remained free of 
ulcer symptoms. Three of the five patients with recurrent ulcer suhsequently 
required further surgical therapy. No deaths occurred among these patients 
who later required reoperation. "While gastric resection is ordinarily desirable 
at the time of the operation for the repair of the fistulas, it is not always 
feasible or safe. Eestoration of the tract to normal, therefore, is a useful pro- 
cedure in ceidain eases. This is particularly true inasmuch as many of the origi- 
nal gastroenterostomies were performed upon meager indications as judged by 
present-day standards. If further surgery for recurrence of the ulcer later be- 
comes necessary in certain eases, subtotal gastrcclomj' can be carried out upon 
a patient in good condition with a very low mortality. 

8. Gastrocolic fistulas due to primary disease of the stomach or colon are 
discussed. These patients present similar problems in preoperative care and in 
certain matters of surgical technique. 

9. A small group of gastroenteric fistulas due to surgical errore at the time 
of the original operation for ulcer is considered briefly. 
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CAECINOaiA 01'' SIGMOID AND RECTOSIGMOID INVOLVING 

URINARY BLADDER 

Surgical, SIanagement in Sixty-Pour Cases 

Claude P. Dixon, M.D.,^' and Raymond E. Benson, M.D.f 
Rochester, Minn. 

S O]\IE carcinomas of the sigmoid and rectosigmoid give rise early in their 
course to widespread metastatic growths. Others, over a period of many 
months or even years, grow to large size, perforate the confines of the bowel, 
invade adjacent tissues and organs, and cause death unthout extension to more 
distant parts of the body. 

At present, surgical therapy for carcinoma of the sigmoid and rectosig- 
moid with distant metastasis is amenable only to palliative treatment. How- 
ever, the condition is seldom inopei'able because of local extension of the dis- 
ease. When the uterus, ovaries, or fallopian tubes are involved secondarily 
these organs, with the diseased portion of intestine, can be removed readily. 
If one ureter is involved, it can be excised provided the opposite kidney and 
ureter are functioning normalty. Portions of the abdominal wall, spermatic 
or ovarian vessels, common iliac vein and segments of small intestine that are 
secondarily infiltrated with carcinoma can be extirpated with the primary 
^owth. However, if the urinary bladder is involved the difficulties of resec- 
tion are increased. It therefore seems advisable to point out some of the prob- 
lems associated with carcinoma of the sigmoid and rectosigmoid involving the 
urinary bladder and to review our experiences "with its surgical management. 
This study is based on sixty-four consecutive cases, in which operation was per- 
formed by the senior author in the 5 ’'ears 1931 to 1943, inclusive. 

diagnosis 

It is often difficult or impossible to detect preoperatively early invasion of 
. ® urinary bladder by a malignant process located in the sigmoid or recto- 
sigmoid. Slight involvement of this organ usually is not evident on clinical 
or laboratory examinations and most often is discovered on surgical exploration. 
If extensive involvement of the urinary bladder is present, there may be 
istressing urinary symptoms to aid the clinician in establishing the diagnosis 
preoperatively. Pain and discomfort in the bladder, relieved by the passage 
of flatus or stool, is characteristic. Noctuida, frequency and urgency of urina- 
tion may be present. If the malignant process invades the lumen of the bladder, 
a colovesical fistula may ensue. In such instances the passage of gas and feces 
by way of the urethra establishes the diagnosis of enterovesical fistula. In one 
of our cases gross hematuria was the only complaint. In the usual history, 
liowever, the symptoms referable to the bowel so completely overshadow those 
referable to the urinary tract that the latter are overlooked unless a careful re- 
Port is obtained. 
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In a few cases of extensive invasion of the uiinary bladder it is impossible 
even by careful questioning to elicit a history of urinary symptoms. In these 
cases, however, the presence of pjmria may suggest to the clinician the possi- 
bility of secondary' involvement of the urinary bladder. In twenty-one of the 
sixty-four cases on which this paper is based, in which the entire vesical wall 
was invaded by carcinoma, eleven (50 per cent) patients had a significant de- 
gree of pyuria preop erativelj'. Proctoscopic examination and roentgenologic 
investigation of the colon after a barium enema may reveal fixation of the ia- 
testinal lesion in the region of the iirinar}’- bladder and thus aid in establishing 
the diagnosis. 

When secondary invasion of the urinary bladder is suspected preoperatively 
the patient should undergo thorough urologic investigation. Cystoscopic ex- 
amination aids in determining the extent and situation of the malignant process. 
Carcinomas of the sigmoid or rectosigmoid that involve the urinarj* bladder usu- 
ally involve the dome or posterior wall. In these cases the results of surgical 
measures have been satisfactory. When the malignant process extends down- 
ward, however, and cj’-stoseopic examination 3’eveals extensive invasion of the 
region of the trigone, the condition is one which is ordinarily not amenable to 
surgical therapy. Excretorj* urograms also provide valuable information if, dur- 
ing operation, one iireter miist be excised in order to remove the grov’th. 

PREOPERATI\T2 PREPARATION 

The patient should be hospitalized preoperatively for a sufficient period of 
of time to permit proper evaluation of, and improvement in, his general con- 
dition. Urinarj’’ antiseptics may be administered. Appropriate procedures 
should be instituted concomitantly to prepare the bowel for surgical operation. 
Retained fecal material can be eliminated by the use of a saline laxative and 
enemas of warm tap water. The bulk of the stools can be reduced by a non- 
residue tjqie of diet. Colifonn bacteria in the intestinal contents can be reduced 
in number, or eliminated, by the administration of large doses of succinylsulfa- 
thiazole for at least three days prior to operation. 

SURGICAL TECHNIQUE 

An incision of the splitting or retracting type, which provides optimal 
exposure, is made in the lower left rectus muscle. If abdominal exploration does 
not reveal hepatic or other distant metastatic growtlis, resection can be under- 
taken immediately. 

Resection of the bladder is performed fii’st (Fig. 1). This is begun by 
making an incision through the uninvolved portion of the wall of the bladder, 
adjacent to the lesion, high up on the dome and away from the trigone. The 
leakage of urine can be controlled almost completely by catheterization of the 
patient immediatelj^ preoperatively and by maintenance of constant suction 
in the pelvis during the operation. The involved portion of bladder is next 
resected, the incision being carried downward and completely around the af- 
fected portion. In this manner, one-half or more of the bladder can be removed. 
If the trigone is visualized soon after the bladder is opened there is little danger 
of injury to important structures located in that region. 

The opening in the bladder thus produced is then allowed to remain. ’ Con- 
stant suction is instituted to avoid any undue urinary spillage. 

The involved portion of intestine is resected next, for these reasons; (1) 
The vesical portion of the fistulous tract now lies free in the pelvis and, if ^ 
colovesical fistula exists, serious fecal contamination is a possibility, (2) The 
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bladder visually is closed around a suprapubic cystostomy tube, which, if in- 
serted before the intestinal segment is resected, is kept out of the operative field 
with difficulty. (3) Further mobilization of the peritoneum of the bladder may 
be necessary in order to reperitonealize the pelvic fioor. If the bladder is 
closed prematurely the suture line ma}’- be disturbed by this maneuver. 

The primary lesion is removed by resection of an uninvolved segment of 
intestine proximal to the tumor, a lesser amount distal to it, and a large wedge 
of the adjacent mesentery (Fig. 2). If the distal portion of the bowel remain- 
ing after such a resection does not extend above the brim of the true pelvis, the 
superior hemorrhoidal vessels always are included in the resection. The distal 
segment will receive an adequate blood supply from the middle and inferior 
hemorrhoidal arteries, and by removing the superior hemon’hoidal vessels a more 
thorough extirpation of adjacent Ijunph nodes can be obtained. 



to carcinoma of the lower portion of the sigmoid is firmly adherent 

■iry madder. Dotted line indicates proposed line of resection of bladder. 


ter resection is completed, a decision must be made concerning the dis- 
posi ion of the two remaining cut ends of intestine. If both segments are long 
oug to permit bringing them into apposition on the anterior abdominal 
wa , am exteriorization type of procedure can. be employed (Case 1). In this 
operation the two ends of bowel emerge from the abdomen through the primary 
incision or through a stab incision and are held in position by a three-bladed 
^ k' distal segment of intestine is too short to reach to the abdominal 

wa i but the two ends can be approximated (Case 2), the operation is completed 
as in the so-called “anterior resection” (Fig. 3, inset). Curved rubber-covered 
? are used and end-to-end colocolostomy is performed. A single row of 
interrupted catgut sutures usually suffices for the posterior part of the an- 
astomosis. The anterior part of the anastomosis is completed with two rows of 
runnmg catgut sutures. Whenever such an anastomosis is made low in the in- 
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Fig. 2.--The involvea portion of vesical wall, including a cuff of normal tissue, has 
been completely resected. Tlie peritoneum has been incised medially and laterally and the 
rectosigmoid and upper part of the rectum have been freed from the hollow of tlie sacrum. 
The curved clamps Indicate the points at which the bowel will be severed after resection of 
the adjacent mesentery and superior hemorrhoidal vessels. 



Pig. 3 Over curved rubber-covered clamps an open type of end-to-end anastomosis is 

nprf firmed Interrupted sutures which include all layers suffice for the posterior row (msew. 
The Mastomosis then is completed. The urinary bladder is closed around a suprapumc 
evstostomy tube of large caliber. Following this the pelvic floor will be peritonized m su 
a^ manner as to place the colonic anastomosis in a retroperitoneal position. 



DIXON AND DENSON; CARCINOMA OF SIGJIOID AND RECTOSIGMOID 


195 


testine this segment must be defmictionalized for two to three weelcs by estab- 
lishing a loop colostomy proximal to the anastomosis. A segment of transverse 
colon, brought out tlmough a stab wound in an upper midline position, usually 
serves the purpose, and requires only a few minutes of operating time (Fig. 4). 

Anastomoses low in the pelvic colon have a tendency to "leak.” The distal 
segment is often the upper rectum or the rectosigmoid, which has been mobilized 
from the hollow of the sacrum and obviously does not have a serosal or peritoneal 
covering. Therefore, satisfactoiy anastomosis is dependent on the sutures in the 
mucosal and muscular laj’ers of the intestinal wall. If a colostomy proximal to 
the lesion is performed, little or no difficulty is e.xperienced, but if the content 
of the bowel passes over the site of ana.stomosis before healing has oecui'red, 
pelvic inflammation aiid inflammatory granulomas in this area sometimes re- 
sult. 



colon thfouA ^®'”Porary colostomy has been performed by bringing out a loop of transverse 
the lower anele midline stab incision. The suprapubic cystostomy tube emerges from 

tends down operative incision. Immediately above it is a Penrose drain which ex- 

o tne site of anastomosis in the hollow of the sacrum. 


r m’ ^®®6ction, neither of the previously described procedures is ap- 
P ica le, both ends of the bowel can be inverted provided colostomy proximal to 
le esion previously was performed (Case 3). If colostomy was not performed 
previously, a single-barrel colostomy can be provided, the proximal end of the 
owel being brought out onto the anterior abdominal wall, and the distal stump 
can be inverted (Case 4). 

After resection of the colon the opening in the bladder is closed snugly 
aiound a suprapubic cystostomy tube (Fig. 3}. Two layers of running sutures 
0 plain catgut, the first of which is essentially a mucosal fej^er and the other 
a serosal or muscular layer, are supplemented by a row of interrupted serosal 
sutures. When extensive resection of the bladder has been performed it is prob- 
ably inadvisable to depend on a urethral catheter for drainage of the bladder. 
Because of the necessarily small caliber of such catheters, they may become 
plugged and urine may leak into the abdominal cavity tlirougli the suture line. 
This danger is minimized if a suprapubic cystostomy is performed and a 26 or 
28 French catheter is inserted. The suprapubic cystostomy tube of large caliber 
is brought out through tlie most anterior portion of the bladder incision, through 
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the space of. Ketzius, and is sutured into the lower angle of the primary incision 
(Pig. 4) . This tube is easily removed in two or three weeks and the resulting 
urinary fistula rapidly, closes spontaneously. 

Resection of the bladder also can be peiTormed in the course of radical 
posterior resection by cauter}^ (Case 5) or in the coiTi'se of the combined ab- 
dominoperineal operation (Case 6). When the growth is so low in the recto- 
sigmoid that one of these two tjqies of operation is indicated, the involvement of 
the bladder often is near the trigone and especial care is necessary to avoid in- 
jurj^ of vital structures in this region. 

REPORTS OF CASES 

Case 1. — A. wliite man, 70 years of age, was operated on for a huge tumor in the lower 
part of the sigmoid, which had infiltrated into a large portion of the urinary bladder. The 
sigmoid and a considerable portion of the urinary bladder were removed. Double-barrel 
colostomy was performed, the cut ends of tlic colon being exteriorized and held in position 
on the abdominal wall with a thrcc-bladed clamp. The urinary bladder was closed around 
a suprapubic cystostomy tube. 

The pathologists reported the lesion to be an adenocarcinoma, grade Tj (Broders) and 
type 0.* 

Later the colonic stoma was closed. The patient was alive and well five years later. . 

Case 2. — A white woman, 47 years of age, had extensive carcinoma of the lower part 
of the sigmoid. The lesion also involved the uterus and urinary bladder. Preliminary colos- 
tomy had been performed elsewhere. The involved portion of bowel, adjacent mesentery, 
uterus, both fallopian tubes and ovaries, and a large portion of the urinarj' bladder were 
removed. Continuity of the bowel was established by end-to-end anastomosis of the middle 
portion of the sigmoid to the upper part of the rectum. The urinary bladder was closed 
around a suprapubic cystostomy tube. 

The lesion was an adenocarcinoma, grade 2 (Broders) and tj-pe C (Dukes), which ex- 
tended completely through the uterus and also involved the urinary bladder. 

Subsequent to resection the colonic stoma was closed. The patient died two years 
after operation, of abdominal carcinomatosis. 

Case 3. — A white man, 42 years of age, had a large carcinoma of the rectosigmoid which 
practically filled the true pelvis and involved secondarily the posterior wall of the bladder and 
the terminal portion of the ileum. Preliminary colostomy was performed in the descending 
segment of colon. Later the involved portion of the colon, the terminal part of the ileum, 
and about two-thirds of the urinary bladder were resected. The cut ends of the rectum and 
sigmoid were inverted. Continuity of the small bowel was obtained by end-to-end anas- 
tomosis. The urinary bladder was closed around a suprapubic cystostomy tube. 

The pathologist reported the lesion to bo grade 2 (Broders) and tjyie C (Dukes) 
colloid adenocarcinoma. 

The patient died on the seventh postoperative day, of generalized peritonitis. 

Case 4. — A white man, 57 years of age, had a large, perforating carcinoma of the 
middle portion of the sigmoid, which secondarily had involved the terminal part of the ileum 
and the urinary bladder. The sigmoid, 17 cm. of ileum, and a large portion of the dome and 
posterior wall of the bladder were resected. Because resections of portions of the ascending 
colon and of the descending colon had been performed seventeen and seven years previously, 
respectively, the descending colon could not be mobilized sufficiently to allow its anas- 
tomosis with the rectosigmoid at this operation. Accordingly, the end of descending colon 

was brought out thr&ugh a stab incision in the abdominal wall to provide a single-barrel 

colostomy and the rectosigmoid was inverted. Side-to-side ileo-ileostomy restored continuity 
of the small intestine. The bladder was closed around a suprapubic cystostomy tube. 

The lesion proved to be a grade 1 (Broders) and type C (Dukes) colloid adenocar- 
cinoma. 

This patient was alive and well six months after operation. 

Case 5 . — A white man, 65 years of age, had a large carcinoma of the rectosigmoid 

and rectum that also involved the urinary bladder and prostate gland. Preliminary sig- 

*Dukes, C. E., Classification of Cancer of Rectum, J. Path. & Bact. 35: 323-332, 193— 
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moidostomy (loop tj’pc) wns performed. Three iveolts later radical posterior resection of the 
rectum, rectosigmoid, and lower sigmoid was performed b}’ cauterj'. Tlio involved portions of 
the prostate gland and urinary bladder also were remo'vcd. The distal end of sigmoid was 
inverted and replaced in the peritoneal cavity. The opening in the urinary bladder was closed 
with interrupted sutures of catgut. Drainage of the bladder was provided by use of a 
urethral catheter. 

The pathologists reported the lesion to be a colloid adenocarcinoma, grade 2 (Brodors) 
and tj-po C (Dukes). 

Tills patient was alive and well five j'oars later. 

Case C. — A white man, 53 j’cnrs of age, had a large obstructive type of carcinoma of 
the rectosigmoid which was firmly adherent to tho base of the urinarj' bladder. A combined 
abdominoperineal resection was performed in two stages. A large portion of the posterior 
wall and base of the bladder, just above the trigone, was involved. This segment of bladder 
was resected and the opening was closed through the anterior abdominal incision. 

The pathologists reported the lesion to bo an adenocarcinoma, grade 2 (Broders) and 
tj'pe C (Dukes). 

The patient died on the twenty-second postoperative day from pulmonary embolism 
and pneumonia. 

DISCUSSION 

Of the sixty-four patients in the present series, fifij-’-nine were men and 
five were women. The apparent infrequencj’- of involvement of the ux’inary 
bladder in this condition in women, in comparison with men, is evidently at- 
tributahle to anatomic differences in the pelvis. In women the uterus, broad 
ligaments, ovaries, and fallopian tubes are interposed between the urinary blad- 
der and the pelvic colon and thus protect the urinary bladder against invasion 
by carcinoma originating in this portion of the intestine. In four of the five 
women in this series the uterus and its appendages also were extensively in- 
filtrated by the disease. In such instances cure is possible only if the involved 
portions of the uterus and its appendages are removed together with the affected 
portions of the bladder and colon. The ages of the sixty-four patients varied 
from 29 to ,76 years, the average age being 55 years. 

Involvement of the urinary bladder usually does not occur in the early 
skges of malignant processes of the pelvic colon. It is most commonly a late 
p enomenon which eventuates only after the tumor has attained a large size 
and has extended beyond the confines of the intestine. In the majority of 'eases 
^remoma has been present for a long time and it is therefore not surprising 
at many patients are in poor general condition. 

• ^ step in invasion of the urinary bladder by carcinoma of 

e sigmoid or rectosigmoid is an inflammatory attachment of the tumor to the 
peritoneal covering of the bladder. This situation sometimes is encountered at 
operation. In such a case the malignant process can be dissected from the 
urinary bladder without making an opening into its lumen. The examination of 
sma bits of tissue from the vesical wall at the site of attachment will reveal 
0 presence or absence of residual carcinoma and will allaj^ any doubt in the 
surgeon s mind as to whether the malignant process has been completely eradi- 
m inflammatorjr reaction around a secondary malignant growth of the 

adder is not only a phenomenon of the early stages but also of the later stages 
0 the malignant disease. Often advanced carcinoma that has extensively in- 
filtrated the wall of the bladder is surrounded by such a severe inflammatory 
reaction that it is difficult to determine, even at operation when the lesion is 
m full view and can be examined by the palpating hand, whether the reaction 
is piimarily inflammatoiy or neoplastic. 

When a large carcinoma in the sigmoid or rectosigmoid has extended to 
the urinai^- bladder and is surrounded by an indurated inflammator}' reaction, 
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the surgeon may be tempted to perform colostomj^ and to wait several weeks 
for the inflammation to subside before undertaking resection of the bowel. Un- 
doubtedly this is often a valuable procedure but the senior author recently has 
concluded that postponement of resection after the distal segment of colon has 
been defunctionalized usually will not appreciably diminish the inflammatory 
reaction if the malignant growth has penetrated completel}^ through the wall 
of the bladder. In such instances tlie urine and the diseased condition of the 
bladder continue to “feed” the infection in spite of the use of urinary anti- 
septics. Therefore, it has become the senior author’s practice to resect such le- 
sions primarily whenever the general condition of the patient warrants the pro- 
cedure. 

In forty-two of the sixty-four eases in this series the condition was classi- 
fled as operable. Two patients in the group Avho had presumably removable 
lesions died after colostomy. In the remaining forty cases, resections were per- 
formed. In nineteen of the forty eases -the attachment to the bladder was of 
an inflammatory nature and removal of the tumor did not necessitate an open- 
ing into the lumen of the bladder. In the remaining twenty-one cases, portions 
of the full thickness of the vesical wall were removed. In fifteen of these, ap- 
proximately one-third or more of the organ was resected; in six cases smaller 
segments were resected. 

In most of the cases resection of the bowel was completed by end-to-end 
anastomosis. Anterior resection with end-to-end colocolostomy was performed 
on sixteen of the forty patients who underwent resection. In ten cases the 
segments of bowel were of sufficient length following resection to pennit the ends 
to be exteriorized. In three cases, loop colostomy proximal to the anastomosis 
was performed and after resection both ends of the colon were inverted. In 
four cases the cut end of the distal segment of intestine was inverted, and the 
proximal end was used in performing single-barrel colostomy. Eesection of the 
bladder was carried out in three eases at the time of combined abdominoperineal 
resection, and in four cases in conjunction with radical posterior resection' by 
cautery. 

Only palliative operations could be performed in twenty-two of the sixty- 
four cases. In eight of these twenty-two cases, metastatic growths in the liver, 
lungs, or other distant organs were present. In seven cases the carcinoma was 
irremovable because it was extremely large and had infiltrated extensively into 
the bladder and other pelvic organs. In seven cases the patient was debilitated, 
anemic, cachectic, and in such poor general condition that resection was consid- 
ered inadvisable. Roentgen or radium therapy often was employed when re- 
moval of the carcinoma was contraindicated because of the poor general con- 
dition of the patient. 

SUBVIVAI, RATES 

Of the forty patients subjected to radical resection, twenty were still living 
at the time of inquiry between hlarch and September, 1944, or had sundved 
for five years or longer, as shown in Table I. Of these, seven have lived for more 
than five years since operation, two for four years, one for three years, two 
for two years, and five for one year. In three cases the operation was per- 
formed less than one year prior to preparation of this report in October, 1944. 

The cases in this series in which cures have existed for the longest periods 
are not limited to those in wdiich early or slight involvement of the urinary blad- 
der was present. Of the ten patients who have survived for three years or 
longer, seven were classified as having a slight to moderate degree of bladder 
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infiltration; three had massive involvements necessitating extensive resection 
of the urinary viseus. 

Thirteen patients died after leaving the hospital. The shortest duration 
of life ^Yas two months. Several patients survived for more than Uvo years, 
however. 

Resection of the urinary bladder in the eoui'se of radical operations for 
the cure of carcinoma of the sigmoid or rectosigmoid entails an increased op- 
erative risk. Seven of the forty patients who underwent radical resection died 
in the hospital. Bronchopneumonia Avas responsible for death in two cases, pul- 
monary embolus in two, peritonitis in one, liver abscess in one, and intra- 
abdominal hemorrhage in one. 


Table I. Subto'al After Resection in Cases of C^vrcinoma of Sigmoid and 

Rectosigmoid 


YEARS 

CASES 

5 or more 

7 * 

4 

2t 

3 

It 

2 

2t 

1 

5f 

Less than 1 

3t 


•Recent follow-up not attempted in cases in wliich patients were known to have survived 
for five years, 

tlnquiry made between March and September, 1941. 


SUMMARY AND CONCLUSIONS 

1. Carcinoma of the sigmoid and rectosigmoid may invade the urinary 
bladder and other adjacent structures Avithout producing distant metastatic 
groAvths. Such lesions are often amenable to I’esection through the abdominal 
Avail. If this is not feasible, the combined abdominoperineal operation or radical 
posterior resection can be considered, 

2. A small amount of secondary invasion of the urinary bladder by car- 
cinoma of the sigmoid or rectosigmoid may giv’e rise to no clinical or laboratory 
findings. More extensive involvement often produces distressing urinary symp- 
toms and pyuria. 

3. Of sixty-four patients who had carcinoma of the sigmoid or rectosigmoid 
involving the urinary bladder, forty patients underwent extensive resection. 

here Avere seven operative deaths. Tryenty of the forty patients are still living, 
having survived for from less than one to more than five years after operation. 
Seven have lived for five years or longer. 




SUCCINYLSULFATHLAZOLE AND INTESTINAL SUCTION 
IN SURGERY OP THE LARGE BOWEL 

1^’rancis C. Newton, and James B. Blodgett, M.D., Boston, ]\Iass. 

(From the Surgical Clinic of the Veter Bent Brigham Hospital) 

T here have been two recent important improvements in the preoperative 
preparation of patients for large bowel surgery. The first is the use of the 
Miller- Abbott tube and the second is the use of chemotherapy to minimize the 
number and virulence of organisms •\\dthin the lumen of the bowel. This paper 
is a statistical report of our experience at the Peter Bent Brigham Hospital with 
these two adjuncts to surgery of the colon. It compares the results in a series 
of consecutive cases of largo bowel I’csections prepared by these two techniques 
with a comparable series in which tliese techniques were not used. 

Until recently, proximal colostomy has been widely used in preparing 
patients for resection of the large bowel. The advantage of preliminarj" colos- 
tomy is that, preoperatively, tlie bowel is relieved of distention and may regain 
its function and the distal lumen may be nearly emptied of its contents; post- 
operativel}'", the site of anastomosis is kept at rest and the risk of “blowout” at 
the suture line from increased intraluminal pressure due to temporarj' obstruc- 
tion at the anastomosis is minimized. 

When the hliller-Abbott tube was introduced,^ which could apply intra- 
luminal suction drainage to the lower ileum or right colon, AVhipple used it to 
obviate the necessity of preliminary colostomy.® His results were so good that 
Miller- Abbott tube drainage of the lower ileum %vas adopted as a routine measure 
in the preparation for elective large bowel surgery at this clinic and supplanted 
the routine proximal colostomy. 

A special risk of surgeiy upon the large bowel is infection. Sterilization 
of the lumen would be the ideal plan for preoperative preparation. Both and 
( Knotts and associates®’ ^ introduced succinylsulfathiazole as an agent to reduce 
greatly the number of large bowel bacteria. They have reported good results 
when it is used in preparation for large bowel sui’gery.®’ ® Other reports of its 
successful use have been made by Piror,® Archer and Lehman,® and Behrend.® 

selection op cases 

The control group of eases in this study includes patients who had resections 
of the large bowel between 1938 and 1942. This interval was selected because 
all the operations are recent enough to be %vell within the period of modern 
parenteral therapy and postoperative care. Preliminary colostomy was the 
routine procedure in this group of cases when the patients were to have 
primary anastomosis. The test group of cases includes those in which the 
patients were operated upon since 1942. It differs from the control group only 
in that all patients were prepared by introduction of the Miller- Abbott tube and 
the administration of succinylsulfathiazole. 

preoperative care 

The patients in the control group were prepared for operation by saline 
catharsis, enemas, low residue, high vitamin, high caloric diet, and proxima 
colostomy was performed if a primary anastomosis was contemplated. 

Received for publication, Feb. 5, 1943. 
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IMincral oil by inonlh for one clay only was given in live lest eases. The 
sulfasuxidine® was then adminislercd after the tccliniqne of Polli"; 0.5 Gm. per 
kilogram of body weight was given during the first, day, and tlicreafter 0.25 Gm. 
per kilogram of body weight during each succeeding day. The drug was given 
in six eciual doses per day and continued for four to twelve days, usually five 
or six days before operation. The patients were cai-efully observed for evidences 
of toxic reactions to sulfathiazolc,’" although none appeared. 

Two days before operation the Miller- Abbott tube was introduced. In 
general the tip pa.ssed the pylorus with little difficulty.t Suction was maintained 
during the passage of the tube. The day before operation, the position of the 
tube was checked by x-ray. Operation was not undertaken until the end of the 
tube was in the lower ileum (Fig. 1). Dux-ing the prcopei-ative period, high 
vitamin, high calorie, low residue diet was given. Feeding was interrupted only 
while the tip of the tube was in the stomach. 



uxing operation, the tube was kept in place. Suction was maintained in 
postoperative period until good peristalsis could be heai’d. Suction was 
en temporarily discontinued and if distention did not appear and the patient 
passed flatus and feces, the tube was removed. Usually the tube was left in place 
^^th or sixth postoperative day. If there was doubt whether the tube 
s _ou d be removed, it was left in place for a day or so more. 


Sharp is, registered under the proprietary name of sulfasuxidine by 


Dohmo, Inc., Philadelphia, Pa. 


pylorus' seems to have assisted in passing the tip of the tube through the 
of tlie one end of about eighteen inches of plain catgut to the bucket tip 

oatgut ■'Vlien the tip of the tube is in the stomach, the free end of the 

The eaten? L through the pylorus and directs the tip of the tube into the pylorus. 

^ IS soon digested in the small bowel and disappears. 
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OPERATn^ PROCEDURES 

The type of resection and anastomosis in the test group was the so-called 
“closed” type except when ileotransversecolostomy was perfonned after right 
colectomy; then the procedure was “open.” The technique of resection and 
end-to-end anastomosis used is illustrated (Fig. 2) . It was carried out with fine 
silk sutures, using two or occasionally one row of interrupted Halsted sutures. 

RESULTS 

Comparison of all eases of each group shows that when the MiUer-Ahholt 
tube and sulfasuxidine were used, there was a reduction in the mortality from 
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19 to 3 per cent and a reduction in the number of patients with complications 
from 58 to 25 per cent (see Table I). 

Table I. CoMrARisox by Cases op Results m Lakoe Boivel Sueoery 



i 

NUitBEROF 1 

CASES WITH COM- 
PLICATIONS 

DEATHS 


CASES 

1 NO. 

1 PER CENT 1 

! NO. 

1 PER CENT 

Control group (Miller-Abhott tubo 
and sulfasuxidinc not used) 

78 

■15 

58 

15 

19 

Test group (Miller-Abbott tubo and 
sulfasuxidinc used) 

36 

9 

25 

1 

3 


A more significant comparison may be made if cases with similar operative 
procedures are compared and if the complications are separated into those oc- 
curring locally at the site of opci’ation, and those occurring to the patient 
in general. In Tables 11 and III arc presented the cases of the control and 

Table H. Cases op Control (troup AnaTiYzed for Operatito Procedure and Type or 

CoifPLlCATIONS 



NO. 

OF 

CASES 

CASES -WITH LOCAL 
COMPLICATIONS 

CASES WITH GENERAL 
COMPLICATIONS 

DEATHS 

INFEC- 

TION 

DISRUP- 

TION 

pul- 

monary 

PHLEBI- 

TIS 

MISC. 

NO. 

PER 

CENT 

i NO. 

PER 

CENT 

1 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

Besections witii anas- 

37 

16 

43 

0 


5 

13 

0 


1 


8t 

22 

tomoses 














Mikulicz resections 

27 

7 

20 

4 

15 

4 

15 

0 


0 


5i 

19 

Anterior resections of 

8 

4 

50 

0 


0 


2 


2 


0 


rectosigmoid* 











j 



Besections of rectum 

G 

5 

83 

0 


1 


0 


1 


25 

33 

Total 

78 

32 

41 

4 

5 

10 

13 

2 

3 

4 

5 

15 

19 


inmv "anterior resection” removes a segroent of rectoslstnold and loaves an end colos- 
lomy and an inverted segment of rectum. 

stenosis'*'^*^ Patients died of peritonitis ; two, of pelvic abscesses and pneumonia ; one, of aortic 


Pulmonaty edema.^^ peritonitis; one, of Bcpticomia; one, of broncliopneumonia ; one, of 

hid PatiOTt died of peritonitis; the other died of pulmonary embolism. Both of them 

had undergone first stage resections. 


test groups divided by type of operative procedure and classifying the com- 
plications. The local complications are subdivided into those resulting from 
infection and from wound disruption. General complications are subdivided 
into pulmonary complications, phlebitis, and miscellaneous complications. If 
a single patient had both a local complication and a general complication, 
each is recorded. In Fig. 3 are compared the results in the strictly comparable 
groups of eases found in Tables II and III. It demonstrates a statistically 

Table m. Cases of Test Group Analyzed for Operative Procedure and Type of 

Complications 



NO. 

OF 

CASES 

Besections with anas- 

32 

tomoses 

ItcsoctioHs of roctuiu 

4 

Total 

36 


CASES WITH BOCAL 
COMPLICATIONS 

CASES WITH GENERAL 
COMPUCATIONS 



INFEC- 

TION 

DISEUP- 

TION 

PUL- 

MONARY 

PHLEBI- 

TIS 

MISCEL- 

LANEOUS 

DEATHS 

NO. 

PEE 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

NO. 

PER 

CENT 

2 

6 

3 

9 

4 

13 

3 

9 

0 

0 

1* 

3 

0 

0 

0 

0 

1 

25 

0 

0 

0 

0 

0 

0 

2 

6 

3 

8 

5 

14 

3 

8 

0 

0 

1 

3 


T.oi., II patient died of massive pulmonary embolism three days after bilateral femoral 
oa the nineteenth day after second stage, right colectomy; a primary ileo- 
irant orsecolostomy had been done two weeks prior to the colectomy. 
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significant^ rocliictiou in complicalions clue to local infcclion from 43 to 6 
per cent, and the statistically significant reduction in mortality from 22 to 3 
per cent. It is apparent that the doci*casc in infection is greater than the de- 
crease in mortality. This cfi'cct would be expected because factoi’s may enter 
into the mortality rate which arc not affected by cither intestinal suction or 
sulfasuxidine. Tables lY and Y present a further analysis of tlie data in 
Tables III and lY. 



Cases not treated Cases treated 

with intestinal suction with intestinal suction 

and sulfosuxidine ond sulfosuxidine 


Fig. 3. — ^Results in larpe bowel resection.s anti anastomoses witli and without intestinal suction 

and sulfasuxidine. 

The apparent increase in wound disruption in the test series of cases can- 
not he shown to be of statistical significance. It is probably apparent because 
m the control group of cases those patients who were in a poor nutritional state 
were chosen for IMikulicz procedures rather than I’esection and primary anas- 
tomosis. Table II shows a higher incidence of wound disruption in the Mikulicz 
resection group. 

The apparent increase in the complication of plilebitis is also not enough 
to be of statistical significance, even though the frequencj’’ of the diagnosis has 
increased in the last two years because of the greater emphasis on searching for 
the sj'mptoms and signs of earty phlebitis. 


DISCUSSION 

It appears that the use of succinjdsulfathiazole and intestinal suction is a 
sigmficant contribution to surgery of the colon. Intestinal suction spares the 
patient the risk of colostomy and colostomj'- closure ; and the succinylsulfathiazole 
makes- tlie major operative procedure safer, primarily because it produces such 
marked reduction in the incidence of postoperative local infection. However, 
we uns h here to state our agreement with the opinion of many others that the 


the percentage change in any two comparable senes of cases, the per- 
Dprronfo must be greater than twice tlie "standard error of the difference" if the 

(S change is to be of statistical significance. The standard error of the difference 

nnmw' 's derived from a formula which takes into account the percentages involved and the 
and 41,1 cases in each group. The change in infection rate above is 4 times the S.E.D. 
and me change in mortality rate is 2.5 times the S.E.D. 

< 

S.E.D. = - / Percentage A y (IQQ - Percentage A) , Percentage B X (100 - Percentage B) 

\ ' No. of Cases in Series A ^ ® No. of Cases in Series B 
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primary requirement in surgeiy of the colon is a gentle, accurate, and de- 
pendable surgical technique. Without this, no adjuncts to surgeiy can be of any 
real value. 

CONCLUSIONS 

A series of 114 cases of large bowel resections was studied. The general 
preoperative and postoperative care was the same in all except that in the test 
group (thirty-six cases) preoperativc succinylsulfathiazole and preoperative 
and postoperative intestinal suction were used. In the control group (seventy- 
eight cases) primarj' colostomy without chemotherapy was the routine in resec- 
tions with restoration of continuity. 

The JMikulicz t3qie of resection was not required in any cases of the test 
group. 

The following data are of statistical significance in the comparison of the 
two groups. 

1. The gross incidence of complications was reduced from 58 to 25 per cent. 

2. The gross mortality was reduced from 19 to 3 per cent. 

3. When similar operative procedures (resections and anastomoses) are 
compared, it is found that the incidence of postoperative infection is reduced 
from 43 to 6 per cent and the mortality is reduced from 22 to 3 per cent. 

The use of intestinal suction and succinylsulfathiazole in the preoperative 
and postoperative care of patients who undergo large bowel resections has a 
definite effect in reducing the incidence of postoperative infection and mortality. 
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THE TKBATi^IENT OP ADVANCED AND INOPIHIABLE CANCICR 


A Rksumk of CunnKNT Tukkds Baskd on a I^eyiew of thf; 
Literature and Analysis of Personal Case Expicriences 

WiuAAJi E. Howes, SI.D., and Alfred L. Shapiro, Jl.D., Brooklyn, N. Y. 
(From the Fadioloijiml and fturffical Services of the Broohhjn Cancer Institute) 

INTRODUCTION 

T he altitude of the medical profession, as well as tlie general iniblie, concern- 
ing the efficacy of cancer therapy has been one of disheartening pessimism. 
Numerous reports of five- and ten-year cures in many malignant growths have 
recently moderated this tendency. Knowledge of similar reniarkalile adAmnees 
achieved in the palliative management of advanced and ineradicable cancer is 
insufficiently well known. Chronic diseases, such as hypertension, nephritis, 
diabetes, thromboangiitis, rheumatic endocarditis, and coronary sclerosis, all 
likewise incurable, are accepted with relative equanimity by both patient and 
physician. Therapy in conjunction with skillful implantation of a cheerful 
outlook toward their illness has supplanted the dread abandonment which was 
the lot of these I’ictims only two and three decades ago. Equivalent results 
Avith respect to patient comfort and longevity in the therapeusis of many 
incurable neoplasms warrant adoption of a more optimistic approach. The 
terminal stages of cardiac and renal disease are no less difficult to face than 
those of cancer, yet to relegate all patients with early cardiac and nephritic 
illness to the category of irrcclaimables when jirolonged intervals of com- 
fortable and fairly active existence can be achieved would exactly parallel 
what is too often offered the cancer patient at an analogous stage.®^ 

In cancer salvage therapy much can be accomplished by radiological and 
surgical methods. The patient can be promised a minimum of disability and 
in a certain small minority, treatment may result in cure. Resurgence of in- 
terest in this often neglected field is resulting in the accumulation of a large 
body of data which when given critical statistical evaluation should lead to 
improved end results. Until research provides cancer controls of established 
certainty, it is the responsibility of the doctor to utilize present-day knowledge 
in this province of cancer to the fullest. 


SCOPE OP THE PROBLEM 


This paper is concerned primarily with the care of the patient Avith ad- 
vanced cancer, inoperable at least in the sense that definite possibility of cure 
cannot be assured. Radical extirpative surgery and radiation have resulted 
m improved curative results, here briefly mentioned, of cancer of the breast, 
colon, rectum, skin, uterus, stomach, kidney, and larynx and to a lesser degree 
in cancer of the lung, esophagus, and bladder.-®’ The progressive role of 
public health education in minimizing factors producing unnecessary delay in 
the treatment of cancer is likewise beyond the immediate scope of this paper. 
_ Roughly less than 15 to 20 per cent of all patients Avith malignant lesions 

ultimately achieve the status of “five-year cure.”*®-*® Epitheliomas of the 
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head, neck, bladder, and cervix and less frequently carcinomas of the esopha- 
gus, colon, rectum, prostate, and breast by virtue of their relatively early 
symptomatology may present themselves at a stage wliere cure is possible. 
The majority of other malignancies are not as often recognized at an early 
enough stage so that cure can be expected.”’ ■''® It can be estimated 

then that 80 per cent of all cancer patients, excluding small epitheliomas, -will 
either primarily or secondarily require palliative medical eare.*®’ Since 
in any given year there are approximately one-half million cancer patients in 
the United States,^- some 400,000 individuals are prospective candidates for 
such treatment. Viewed in this light the problem is one of major significance 
and the potential extension of life and comfort is tremendous. 


THE STATUS AND CLASSIFICATION OF THE PATIENT WITH ADVANCED 
AND INOPERABLE CANCER 


In addition to the local, regional, and distant spread of the primary neo- 
plasms, two other major factors influence the curability of the lesion : (1) con- 
comitant illness and (2) physical infirmities of advanced age. It must be 
emphasized, however, that advanced age of itself does not exclude the appli- 
cation of radical curative or palliative procedures in the relatively vigorous 
patient. Given proper preparation and follow-up care, the elderly may tolerate 
such therapy admirably.^* Infection not only serves as a further toxifying 
agent but it also appears to stimulate the active spread of the neoplasm. 

A working classification into groups of the more usual advanced cancer 
cases is of importance in bringing into focus the dominant problems encoun- 
tered and the symptoms to be ameliorated.®* 

I. Head and Nech Group . — The head and neck group consists predomi- 
nantly of epitheliomas and constitutes some 17 per cent of all malignancies.-’ “ 
Since even the uncontrollable cases in this division are apt to be slow-growing, 
•.proper palliation has much to offer. Frequently growth progresses regionally, 
often resulting in large open ulcerations and hemorrhage; osteomyelitis of 
.underlying bone; destruction of oropharyngeal structures with dysphagia; or 
involvement of the larynx, often by massive enlargement of cervical lym- 
phatics, with resultant dyspnea.^’ ® Carcinoma of the esophagus, character- 
ized primarily by dysphagia, is also considered here. The relatively few tu- 
mors in this area which metastasize generally present essentially the features 
to be described here. 


II. Abdominothoracic Group . — The abdominothoracic group is best con- 
sidered under several subheadings grouped according to their disseminative 
tendencies. Treatment of their symptoms require similar palliative procedures 
despite the widelj^ varying natures of the primary neoplasm.*®’ ■‘®’ ®*’ ®®’ 

A. Generalizing cancers: The majority of advanced cancers of the breast, 
lung, kidney, prostate, and ovary, constitutes almost 30 per cent of all cancers. , 
They tend to metastasize to the osseous systems, lungs and pleura, liver and 
peritoneum, kidney and adrenals, and brain in roughly that order.®®’ *®’ ' 

In some 15 per cent of cases metastases, for some little understood reason, 
appear clinically limited to the bones for a prolonged interval.®’ ®*’ ®*’ 
pain in the spine, pelvis, and extremities, or of a radicular nature, and path- 
ologic fractures are our main concern. Hepatic, pulmonary, adrenal, and un- 
comnionly renal insufficiency, singly or in combination, may ensue, secondary 
to parenchymal replacement by tumor tissue.®® Surprisingly, patients with 
kno'wn lung and liver involvement may maintain active and useful existenee.s 
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.for periods up to two to three years, rarely longer. Advanced intracranial 
involvement dictates that measures he limited to sectirinff maximum relief of 
pain and rest. This is also true in the terminal phases of massive liver, peri- 
toneal, lung, and pleural infiltration. Ascites and pleural effusion, however, 
may ensue long before the patient’s condition warrants discontinuance of sup- 
portive measures. Jaundice in this group fortunately comes late, as a rule, 
since it is usually the re.sult of periportal invasion. Cancers of the breast 
frequently present the specific problem of lymphedema and infiltration of the 
chest wall, axillary and supraelavicidar glands, hraehial plexus, and subclavian 
vessels.""’ !Metastnses to any sensory nerves may result in agoni/.ing and 
long-continued pain. 


B. Intermediate cancers.- Over 30 per cent of malignancies are included in 
the group of intermediate cancers. Carcinoma of the stomach, colon, and rectum 
often generalizes late and in somewhat different fashion. TTepatic and pul- 
monary involvement are apt to be le.ss massive, except for anaplastic gastric 
cancers.^^’ Extension to surgically inacce.ssible regional lymphatics maj^ be 
the only factor interdicting curability. Instances of isolated enterostomy site 
recurrences occur sufficiently frequently to be given special consideration. 
Cancer of the pancreas may ]iroduce di.stressing .•jaundice by compression or. 
more commonly, by invasion of the common l)ile duct. Betroperitoneal exten- 
sion productive of nerve root pain may be encountered early in gastric and 
pancreatic malignancy.^"’ '' i\ralnutrition, nausea, vomiting, intestinal obstruc- 
tion, diai'rhea, and tenesmus may all develop at a stage where their relief may 
provide a protracted interval of comfort and even activity for the sufferer. 
These lesions tend to widespread invasion of the parietal and visceral peri- 
toneum, which results in multiple and intractable intestinal obstruction.'''’’ 

C. Localizing cancer: Cancers of the uterus, cervix, bladder, and external 
genitals comprise approximately 18 per cent of cancer cases, the great majority 
of which are pelvic epitheliomas. Extension occurs relativelj'' late and is often 
united to local invasion and spread to the regional lymphatics. The major 
actors operating against curability here are inaccessibility of involved pehde 
ascial planes and deep-seated pelvoinguinal lymphatic structures; also there 
IS a tendency to conglomerate involvement of pelvic organs or so-called “frozen 
pe VIS. Cancer of the cervix and bladder often spreads in such fashion as to 
occlude the ureters, leading to hydronephrosis and pyelonephritis, which if 
unchecked will result in uremia. The less anaplastic prostatic lesions often 
ate this same course. Vesicorectal, rectovaginal, and vesicovaginal fistulas 
may be the distressing end result. On occasion urinary retention may occur, 
nough an agonizing frequency is the more common complaint. At times 
lectal involvement may cause either tenesmus or obstructive symptoms. Mas- 
sive hemorrhage may occur in cervical and less frequently in rectal lesions.®” 

III. Sarcomas. — ^Melanosareomas, osteogenic and unspecified sarcomas, and 
ymphoblastomas in the aggregate come to but 5 per cent of all malignancies. 
Advanced cases present most often mediastinal, pulmonary, and hepatic metas- 
ases, bulky invasion of inguinal para-aortie, or cervical lymphatics, and on 
occasion a ponderous ulcerated infected primary focus. Terminal cases, often 
present a dissemination as generalized as that of cancer of the breast.'*® 


PROBLEMS OP TREATMENT IN ADVANCED CANCER 

By now reviewing briefiy the pathology of ineradicable cancer, the symp- 
toms requiring palliation become clarified. Therapeutic programs can be facil- 
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tated the schematic i^resentation of the most common problems for which 
vorth-while remedial measures can be carried out. 

I. Head and Neck Group. — Intractable d 3 'sphagia and dj^spnea, extensive 
ilcerations or fungating lesions associated with hemorrhage, osteomyelitis and 
■adiation necrosis, osteochondritis, massive cervical Ijnnphadenopathy, pain 
nediated by trigeminal and upper ceiwical nexwes, malnutrition. 

II. Abdominothoracic group . — 

A. Generalized nietastases: 

(1) Osseous: Pain in slcull, spine, pelvis, extremities. Pathologic 
fractures, most commonly of humenis, femoral shaft and neck, 
thoracolumbar spine and pelvis. 

(2) Lung and Pleura: Pain, cendcal and thoracic, innervated by 
cervical trarnlrs, intercostal and phrenic nerves. Pulmonary 
insrrfficiency dire to lung replacement or atelectasis; pleural 
effusion. 

(3) Peritoneum, Liver, and Adrenals: Frequently leading to he- 
patic and suprarenal irrsufficiency. Massive ascites; abdominal 
pain mediated bj- autonomic rrervous system and lower thoracic 
nerves. IMalnutrition, nausea, vomiting, diarrhea, and obstipa- 
tiorr. 

(4) Somatic and Peripheral Nerve Infiltration : Brachial plexus and 
upper intercostal nerve pain in cancer of breast and pulmonary 
apices. Thoracolumbar spinal nerve root pain in primary or 
secondary retroperitoneal groirths. Lymphedema and infiltra- 
tion of chest wall, axiUarj’-, and supraclavicular glands, primarily 
in malignaircies of mammary origin. 

B. Localized nietastases: 

(1) Abdominal: Large fungating lesions of gastric wall, cecum, and 
colon causing obstructive symptoms, diarrhea, or interference 
•with nutritive absorption ; recurrences about enterostomy or en- 
teroenterostomy stomas. Jarmdice due to compression or inva- 
sion of ductus choledochus, most commonlj^ in cancer of head 
of pancreas. 

(2) Pehic: Pain along autonomic and lumbosacral nerves. Kecto- 
sigmoid obstruction. Rectal, vesical, and vaginal fistulas. Tenes- 
mus and urinary urgency. Hemorrhage. Ureteral obstruction, 
pyelonephritis, and uremia. 

(3) Extremities: Elephantiasis of extremities with bulky, ulcerat- 
ing, infected bone-invading pr-imary tumors, associated ivith re- 
gional lymphadenopathy. Pain along peripheral nerves of 
extremities. 

METHODS OP TREATJIENT OF ADVj^VNCED AND INOPERABLE CANCER 

Radiation Therapy. — Limitation of growth, diminution in size, control of 
secondary infection, and on occasioir total ablation of the primary lesion or of 
individual nietastases are the major objectives of roentgen therapy. In such 
trrmors as the lymphoblastomas, Evdng’s myeloma, and epitheliomas of the 
pharynx, or cervix, radio-sensitivity or accessibility of the primary or 
secondary lesion contributes to often dramatic results.^’ Local and lym- 
phatic recurrences of breast cancer may frequently respond to intensive radia- 
tion.’’ The interstitial use of radium or radon in squamous-cell earci- 
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noma, rectal and bladder malignancies, or llic secondary deposits of mammary 
cancer may be rewarded by arrest or destruction of the lesion. Radiation 
tlierapy of laryngeal,^' esophageal,®" broncliogenic,''® and gastric®® cancer has 
been productive of significant palliation. Advanced secondary cervical lymph- 
adenopathy®- ®® and the frozen pelvis may be benefited to some degree by x-ray 
treatment. The technical details of ]-adiation therapy cannot be described 
here, but adequate tumor lethal doses whether by massive or fractional appli- 
cation must be administered.®® Supervoltagc apparatus does not appear to 
offer increased advantage thus far.®®- •® Contact therapy, however, has proved 
itself valuable in dealing with inimcrous surface lesions, for example in at- 
tacking multiple subcutaneous brea.st cancer mctastascs.®' Recent studies have 
indicated the palliative value of the oral or parenteral administration of radio- 
active phosphorus in Ij-'inphosarcoma and in some cases of chronic myelogenous 
leiicemia and multiple myeloma.''^ Considcra])le promise for improved results 
with x-ray and radium treatment seems definite as research in this field 
progresses. 

Bone metastases, particularly secondary to carcinoma of the breast,®* often 
respond to radiation in spectacular fashion, allowing even three- to five-year 
periods of active relatively pain-free survival.®- ®*- Rarefying osteoclastic 
lesions are replaced by a calcifying or sclerosing o-steoblastie process restoring 
osseous strength and stability. Pathologie fractures may heal sufficiently to 
permit normal gait and weight-bearing. Treatment of the latter may be use- 
fully augmented by traction, frames, braces, or cast application, and in selected 
cases by the use of bone pins and plates for fixation. The radiation sensitivity 
of osseous metastases varies, but does not appear to correspond exactly with 
that of the primary growth.®® Carcinoma of the breast, testes, and thyroid is 
relatively quite radiation-resistant as a primary lesion, but radiation-sensitive 
as a secondary skeletal deposit.®® Jletastatic cancers of the prostate, bladder, 
cervix, orophar 5 Tix, lung, and intestine, on the other hand, generally respond 
less satisfactorily.®* Hypernephroma produces bone secondaries that are quite 
insensitive to x-rays.®® Lymphoblastomatous, leucemic, and myelomatous in- 
filtration of bone is frequently greatly relieved by irradiation, particularly in 
the initial courses of therapy.' Isolated pulmonary, pleural, and mediastinal 
metastases of the more radiation-sensitive tumor types have been known to 
recede with therapy.*® Lastly, the ascites due to peritoneal implantation by 
ovarian carcinoma may respond favorably.®* Here the fluid is not resorbed 
but the interval between tappmgs is often prolonged. 

Surgery . — ^Ligation of the carotid arteries for the control of hemorrhage 
from advanced head and neck lesions is a commonplace procedure. This may 
permit further therapy of the primary tumor. Resection of involved and 
ueerotic facial bones or mandibles has been followed by as much as several 
years of relatively comfortable activity in some previously desperate cases.® 
Since the operation is attended by a relatively low mortality and the tumor 
3s often of a slow-growing type, block dissection of cancerous cervical lymph 
glands may have much to offer the patient in selected cases.®- ®*- ®® Many 
surgeons advocate the excision, by scalpel or electrosurgery, of most large 
ulcerating or fungating primary or secondary lesions and have demonstrated 
that a relatively clean granulating surface, in some instances suitable for 
skin grafting, contributes much to patient comfort and is attended by less 
pain.*®- 40. 57, 75 Harked reduction of great and hitherto impenetrable tumor 
hulk, as of face** or breast,®® may render irradiation more effective. Electro- 
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coagulation of large rectal and bladder lesions may give similar temporary 
improvement."*’ Denuded ran* surfaces kept clean and granulating under 
pliofilm or paraffin gauze dressings are tolerated better than advanced infected 
ulcerative lesions. 

During exploratory laparotomy the practice of resecting primary gastric 
or large bowel lesions, when feasible, in the presence of early hepatic involve- 
ment postpones the advent of discomfort considerably, as a I’ule. Case reports 
of actual resection of isolated hepatic and other intra-abdominal secondary 
implantations with good results are becoming less great rarities. 

Circumventing operations for the relief of dysphagia and obstructive 
dyspnea may establish temporary rehabilitation of the patient. Low tracheot- 
omy in laryngeal and hypopharyngeal cancer or for massive cervical metas- 
tases may facilitate palliative radiation therapy as well as contribute greatly 
to the comfort of the patient. Tubovalvular gastrostomy may counteract for 
many months or longer the dysphagia of oropharyngeal cancer or the obstruc- 
tion of esophageal neoplasms. In large indolent gastric cancers, jejunostomy 
for feeding purposes may be of some avail. These jjrocedures should not be 
deferred until the emaciated condition of the patient prejudices the outcome 
of the operation. 

Massive pleural effusion and ascites should be tapped as frequently as the 
dyspnea and distention are produced. Instances of survival for several years 
with multiple abdominal or thoracic paracentesis is known. The use of mer- 
curial diuretic, for example, salyrgan or mercupirrin, has never lessened the 
need for puncture®' in our experience. 

Colostomy, when indicated as palliative procedure for the relief of such 
symptoms as obstruction by neoplasm, diarrhea, tenesmus, or rectovesical or 
rectovaginal fistulas, is preferably carried out as a defunctionalizing proce- 
dure, completely isolating the lower colonic segment. This allows further 
surgical, electrosurgical, or radiological attack upon the primary lesion as well 
as minimizes distress. At times short-circuiting operations, notably ileotrans- 
versostoiny, for unresectable intestinal obstructive new growths may be re- 
sorted to. Tumor recurrences about the colostomy stomas, along Avith their 
areas of regional lymphatic spread, are occasionally secondarily resected Avitli 
good results. Jaundice in carcinoma of the bile duct and pancreas is at times 
effectively palliated by choledochojejunostomy. Cystoscopic ureteral dilation 
and drainage, frequently repeated, is occasionally folloAved by intervals of well- 
being in pyelonephritis secondary to cancer of the cervix. Ureterostomy, pref- 
erably by implantation into the colon, and suprapubic cystotomy may do much 
to alleviate the suffering of patients Avith cancer of the cervix, bladder, and 
prostate. 

A hitherto greatly neglected palliative application of surgery, Avhich has 
only recently come into its OAvn and has been given impetus by the increasing 
life span afforded certain categories of incurable cancer patients Avith ncAver 
forms of treatment, is the operative relief of pain.®’ ^®’ Section or anesthetic 
infiltration of individual branches of the trigeminal nerve or alcohol injection 
of the gasserian ganglion are particularly effective and simple procedures too 
often neglected in advanced face lesions. Glossopharyngeal and cervical alco- 
hol nerve block have a more limited but nonetheless definite field of usefulness. 
Intramedullary tractotomy has recently been reported for the relief of uni- 
lateral face and neck pain in these eases."^’ 

Interruption of sympathetic fibers for the control of intractable pain from 
various abdominal organs has repeatedly proved its Avorth. Thus, paraverte- 
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l)ral alcohol inllltralion lo destroy the right lower six thoracic syiiipathetic 
ganglia and rami can often give satisfactory relief for the duration of their 
lives to patients Avith advanced metastatic carcinoma of the liver.''"' 

Although all \uieomfortable sensations may not be obviated by this ap- 
proach Avhich is calculated to block the newly charted visceral afferent path- 
ways, paravertebral sympathetic block of several segments of the thoracolum- 
bar chain below the level of the sixth thoracic may provide a prolonged and 
welcome respite from the greater part of i)ain arising from inoperable cancer 
of the stomach and intestines. In selected patients splanchnicectomy and 
thoracolumbar sympathetic ganglioneetomy may be attempted. Removal of 
the upper lumbar ganglia is of value in pain of renal and ureteral origin. 
Presacral neurectomy"® by interrupting the sacral parasympathetic nerves 
ameliorates greatly the pain of rectal or bladder neoplasms. AYhere pain is 
due to a reti'operitoneal invasive process, posterior rhizotomy or spinothalamic 
tractotomy, that is, anterolateral chordotomy sucee.ssfully alleviates sufTering.""’ 
The intrathecal administration of alcohol i)articularly Avhere lesions are wide- 
spread, negating a segmental approach for nerve impulse interruption, can 
often be depended upon to control pain for several Aveeks or months by its 
degenerative action on the posterior rootlets Avhen the proper technique is 
folloAved."" Post-mortem examination has several times confirmed the rela- 
tively selective localization of the action of alcohol so introduced into the 
spinal column to the dorsal sensoiy nerA'c i-oots."' In the event of the initial 
failure of alcohol, or as more recently advocated ammonium sulfate solution,"" 
administered intraspiually, it may be repeated or neurosiu’gerj’- may be car- 
ried out. Some degree of bladder and boAvel incontinence may folloAv these 
injections, but to a large extent this is transitory. On occasion a reactive 
alcoholic neuritis may ensue, in AAdiich case pain can be ameliorated by return 
to the analgesic and narcotic medications previously depended upon. Accu- 
rate neurologic localization of the pain zones and patliAvays prior to instituting 
these forms of therap}^ is reAvarded by maximum benefits Avith minimal inter- 
ruptive techniques.""’ StimiAlated by its use in the edema of thrombophlebitis, 
cerAdcothoracic sympathetic block together Avith elastic adhesive bandaging 
has given favorable results in seAmral of our cases of lymphedema of the upper 
extremity folloAving radical mastectomy, and sympathectomy may be advisable. 

Formidable surgical procedures in patients Avith incurable malignant 
groAvths have the sole object of mitigating or forestalling unbearable agony 
Avhere the sufferer can, in the eAmnt of- survival, look forAvard to a period of 
months or yeax's free from pain. Opei'atiAm death i-ates of as high as 10 per 
cent, the maximum generally to be anticipated from the procedures detailed, 
are not as deterrent as in elective general surgei’y, since Avhere extrenie and 
prolonged suffering cannot be palliated, a surgical mortality cannot be con- 
sti’ued as the same uixAvelcome outcome. However, the once enormous risks 
entailed in operating on patients Avith adA’-aiiced cancer can be greatly cur- 
tailed by thoroughgoing preopei’ative and postoperative care.""’ "■*’ "" 

Surgical sterilization by oA'ai'iectomy and orchiectomy has had many 
recent favorable reports in advanced mammary and prostatie cancer, respec- 
tively."’ "2. 47, 51, 65 jfost Avorkers stress the production of temporary clinical 
arrests and the apparent augmentation of irradiation effects on secondai’y 
skeletal lesions. Radiation castration in conjunction Avith hoi-monal therapy"® 
may prove to be effective in the light of current studies. Sporadic instances 
of fiA-e-year apparent cures in’ patients Avith bone metastases treated by castra- 
tion and irradiation supplemented by endoei’ine administration harm been seen. 
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Pharmacologic Therapy . — ^Foremost in importance among the medications 
given in advanced cancer are the analgesics. A cardinal principle to he fol- 
lowed in their administration is the postponement of narcotic utilization until 
the decreased potency of other drugs counterweighs the disadvantages of po- 
tential addiction. At the outset salicylates and barbiturates are generally 
adequate, later to be supplemented by codeine, which rarely causes serious 
habituation. Small doses of morphine, pantopon, or dilaudid may prove effec- 
tive for long periods in the majority of cases. AVlienever possible, relief of 
intractable regional pain by alcohol nerve block or neurosurgery is preferred 
to the deleterious effects of constant dependence on large doses of narcotics. 
On the other hand, since the comfort of the patient is of paramount impor- 
tance, opium derivatives or analogues and sedatives .should not be withheld 
when other measures are no longer of avail. Recently demerol'® has been 
found to induce satisfactory pain relief, in some instances, without many of 
the well-known physiologic disadvantages of the opiates. For oropharyngeal 
lesions, local anesthetics, such as orthoform or cocaine are helpful. Nuiperous 
medicaments have been sponsored as panaceas for the pain of advanced malig- 
nancies, the majority of which are the subjects of conflicting descriptions con- 
cerning their usefulness. Cobra venom falls into this class of substances which 
cannot be said to offer uniform palliation. Other preparations which have had 
considerable vogue but seemingly fail in the majority of cases are colloidal 
lead and gold solutions and Coley toxin.®^ Recent trial of H 11 and heptalde- 
hyde has been relatively fruitless. 

The need of supportive measures in the treatment of progressive malig- 
nancy should never be overlooked. Malnutrition, dehydration, disturbance of 
acid-base equilibrium, and cachexia may be combated by oral, tubal, and par- 
. enteral administration of nutritive fluids and electrolyte solutions. Care must 
be taken to guard against overloading the circulation in the frequently con- 
comitant cardiovasculorenal degenerative diseases.'’"’ Specific metabolic 
deficiences leading to anemia and hypoproteinemia seem to characterize many 
forms of cancer.®® High caloric diets, protein hydrolysates, liver concentrates, 
and hematinics are thus of great value, and serve to lessen weakness, fatiga- 
bility, and susceptibility to infection. Similarly indicated are various poly- 
vitamin preparations, since avitaminosis of various tjqjes is generally encoun- 
tered in these patients and anorexia is commonplace. The vitamins may serve 
to control nausea and vomiting. Sedation judiciously administered in conjunc- 
tion with antispasmodics and alkali carminative powders may also help. In 
gastric carcinoma ndth attendant achlorhydria, dilute hydrochloric acid and 
pepsin may be beneficial. Gastric lavage will often terminate otherwise im- 
palliated vomiting episodes. Distressing diarrhea, likely to be characteristic 
of enterostomy and enteroenterostomy cases, responds usually to careful dietetic 
management supplemented by such preparations as kaolin, pectates, magnesium 
and aluminum hydrogels, and paregoric. Anodyne and antispasmodic supposi- 
tories have also their useful indications. 

Endocrine derivatives and synthetics as previously mentioned^®’ now 
loom large in the palliation of various neoplastic diseases. Thus, testosterone 
and more lately diethylstilbestrol, especially in postmenopausal eases of meta- 
static breast cancer, appear to bring about temporary improvement in some 
eases.®®’’ Stilbestrol in the opinion of some workers has supplanted orchiec- 
tomy as a treatment of choice in cancer of the prostate with osseous dissemi- 
nation.^® Adrenal medullary cortical extracts and hormone synthetics in con- 
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junction with the administration of saline solution is iudicated®^ where a scc- 
ondarj'- Addison syndrome supervenes. 

The local treatment of foul infected ulcerating or fuiigating lesions, in ad- 
dition to electrosurgical excision and radiation, has profited by several new 
tecliniqucs. Systemic use and local ai>plicalion of tlie sulfonamides or penicillin 
may control infection to a noteworthy extent. Zinc peroxide, azochloramid, and 




Pig. 2 (Case 3, A.R.)-- — Squamous-cell carcinoma of forehead, scalp, and eyebrow; osteo- 
myelitis of frontal bone. 

eucupine ointment are of adjuvant worth in this respect.^®’ Such old stand- 
bys as Dakin’s solution, potassium permanganate, and gentian violet may be 
advantageously employed. Zinc oxide, kaolin, paraffin suspensions, and bronze- 
aluminum powder may counteract the surface excoriations produced by irritat- 
ing fistula, colostomy, and ureterostomy discharges. Decubitus ulcers should be 
prevented by such means as maintaining adequate blood protein levels, and 
avoidance of pressure by the use of inflated rubber cushions, squares of sheep- 
sldn, frequent changes of bedding and position, and skin massage. 
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Physical Therapy . — ^Although crj^otlierapj" is no longer consideied of much 
value in the palliative treatment of cancer, amputation using local refrigera- 
tion anesthesia is worth while in selected eases. Occasional employment of 
such modalities as diathermy and moist heat may afford relief, but as a rule 
physiotherapy has little to offer in this field. Diathermy and fever therapy 
have been reported as promising sensitizing agents augmenting the effect of 
irradiation. Tliis work, houever, is still at tlie experimental stage.'" 



Fig. 3 (Case 6, J.D.). — Squanious-cell carcinoma of Up, lecunent, ^^lth extension to chin and 

gingiva. 



Fig. 4 (Case 8, J.C.). — Mixed tumor of palate, recurrent, with large ulceration and palatal 
perforation ; patient likewise has prostatic carcinoma with pelvic metastases. 

Psychotherapy . — Of paramount importance here aie the attitude of the 
phj'sician and provision of thorough and sympathetic efficient nursing care. 
Hopelessness AviU handicap the incentive of the doctor, and lead to his regarding 
the task as a disagreeable chore. Emphasis on what can be offered the patient 
in the way of the most comfortable prolongation of life must be kept uppermost 
in mind and impressed upon the family. The morale of the patient can best be 
maintained by an optimistic and cooperative approach on the part of both inti- 
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mates and medical attendants. Although no invariable routine can be recom- 
mended, the physician generally docs best by not committing himself to the pa- 
tient concerning absolute i2icurability and life expectancy. PaiTying the in- 
evitable questions and countering with psychically helpful suggestions requires 
tact, underetanding, and patience. Keeping the patient as active and as com- 
pletely engaged as his phy.sieal condition warrants is of ij}cstijnable wo2’th. Ex- 
ceptional individuals are capable of maintaining a philosophic poise and ad- 



Piff. 5 (Case 9, CS). — Squamous-ccII carcinoma of floor of mouth; mandibular in\oI\cment, 

cervical nietastascs. 



lairable equanimity given full realization of the gravity of their condition. How- 
ever, this, too, can be made to endure successfully only when pain and distress 
are adequately counteracted by judicious therap3^ 

CLINICAIi REPORTS 

Comprehensive reports of end results in a large series of patients given 
palliative treatments for advanced cancer seldom appear in the literature for 
sites other than the breast or prostate. Published studies generally are con- 
cerned with primarily curable cases and scant consideration is given those 
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dismissed as advanced beyond this degree. Consequently, valid evaluation of 
the efficacy of palliative treatment demands the future accumulation of con- 
siderable further data. The natural yardstick for the accurate estimation of 
success in such therapy is the longevity oi comparable untreated patients. The 
tendency to allocate patients too desperatel}" ill for even remedial procedures 
to control groups must be guarded against.’®’ 



Pig. 7 (Case 17, K.B.). — Adenocarcinoma of breast; advanced ulcerative lesion invading ribs, 

with metastases to axilla and spine. 



Fig. 8 (Case 25, M.K.). — ^Neurogenic sarcoma of back; recurrent, ulcerative, and fungating. 

deeply Invasive. 

Available clinical experiences do permit one to draw these general con- 
clusions. The duration of life is appreciably longer in treated than untreated 
groups of patients, and three-year survivals are relatively frequent in the 
former and rare in the latter. That symptomatic relief can be attained whether 
or not life is actually prolonged has been amply attested to by many radiologists 
and surgeons. Moreover, a small unpredictable percentage of cures in appar- 
ently irreclaimable malignancies has been reported. Postexploratory with- 
drawal of supportive therapy from the large group of patients found to be in- 
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curable is to be condemned. Early postoperative mortalities cannot but dis- 
courage other prospective cancer suiTerers and in large measure frustrate the 
public health campaign oC education concerning prompt diagnosis and treat- 
ment. 



9 (Case 32, ^LS.). — ^Adenocarcinoma of sigmoid; multiple recurrences, wiUi prolapse of 

colostomy stoma. 



10 (Case 41, H.G.). — Stiuamous-cell carcinoma of leg; recurrent advanced lesion with 
inguinal ulceration and lymph node involvement. 

Selected cases of forty-two patients treated at the Brooklyn Cancer Insti- 
tute were presented in detail at the 1944 session of the Medical Society of the 
State of New York as examples of what persistent and intensive therapy might 
aceomplish in lesions of this type. The only cases included were those in which 
the patients had been initially referred to the institution with advanced and 
recurrent cancers beyond attempts at cure, who were ambulatory, active, and 
m relative comfort at the time of presentation. Survival periods range from 
two and one-half to fourteen years, and average four and one-half years. The 
cases presented are too small a sample for valid statistical analysis. The pa- 
tients receiving their initial therapy at Brooldyn Cancer Institute and later 
requiring secondary treatment are excluded. Similarly, several hundred pa- 
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Table I. Data on Forty-Two Kepresentative Cases of Advanced and Recurrent 

TO Bi 






B. C. I. 



SE 

PA- 

TIENT 

AGE 

(YR.) 

SEX 

ADMIS- 

SION 

DATE 

SITES 

PATHOLOGY 

1 

F. L. 

43 

F 

1937 

Head, 

face, 

neck 

Basal- and 
squamous-cell 
carcinomas 

2 

M.B. 

64 

F 

1940 

•Face, 
nose, lip 

Basal-cell car- 
cinoma 

3 

A. E. 

56 

M 

1939 

(N.T.C.I.) 

1942 

(B.C.I.) 

Scalp, 

forehead, 

eyebrows 

Squamous-cell 

carcinoma 

4 

H. C. 

46 

hi 

1937 

Lip, chin 

Squamous-cell 

carcinoma 

5 

H.E. 

63 

M 

1940 

Lip, chin, 
cheek 

Basal-cell 

carcinoma 

6 

J. D. 

61 

M 

1938 

Lip, chin, 
gingiva 

Squamous-cell 

carcinoma 

7 

H. S. 

53 

hi 

1940 

hlandible 

Adamantinoma 

8 

J.C. 

73 

hi 

1940 

(A) 

Hard 

palate 

(B) 

Prostate 

hlixed tumor 

Adeno- 

carcinoma 

9 

C. S. 

60 

hi 

1938 

Floor of 
mouth 

Squamous-cell 

carcinoma 

10 

W. I. 

51 

hi 

1940 

Tonsil, 

fauces, 

oral 

cavity 

Squamous-cell 

carcinoma 

11 

W. S. 

52 

hi 

1939 

Larynx 

and 

liypo- 

pharynx 

Prickle-cell 

carcinoma 

12 

B.F. 

58 

hi 

1940 

Larynx, 
epiglot- 
tis, base 
of 

tongue 

Squamous-cell 

carcinoma 

13 

B. P. 

40 

F 

1940 

Thyroid 

Adeno- 

carcinoma 

14 

F.C. 

35 

F 

1930 

Shoulder, 

arm 

Round-cell 

carcinoma 

15 

J.B. 

32 

F 

1940 

Breast 

Medullary 

carcinoma 


status on ABiUSI 
TO B. C. I 


Recurrent and exte 
lesions 1-6 cm. in 
diameter 

Recurrent extensivf 
cerating lesion 7 
in largest diame 

Advanced ulceratii 
currcnce, invasio 
osteomyelitis of 
frontal bone 

Large recurrent nl 
tion, spread to ! 
maxillary, saliva 
and cervical lyn 
glands 

Recurrent large nl 
tion 

Recurrent large nl 
ing lesion 

Floor of month an 
cheek 

Recurrent with lai 
ulceration 

Pelvic metastases 

Recurrence, mass 
cervical glano? 
to jaw; mandiD 
volved 

Recurrent large n 
ing and fungat 
lesion 

Recurrent advanct 
trinsio spread 


Recurrent adv^« 
ulcerating Ids'® 


shoulder joint 
humerus . 

Stops'’- 
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f- Institute 


HI cations 

DRIOR 

THERAPY 

RADIATION 
AND RADIUM 

ution, 
ection, 
i involve- 
nt 

Itadialion 

Repeated 

eourses 

rnrofincr 

eration of 

1 cavit}’, 
lower orbit 

Kndialion 

Repeated 

courses 

ibage, 

eom3-elitis, 

vitH , 

ection 

Fadiation 

Repeated 

courses 

lation, 

•tion to 
ndible 

Radiation 

Repeated 

courses 

tion, 

ection 

Radiation 

Repeated 

courses 

ation, 

ection 

■lacement of 
.oTie 

Radiation, 

caustics 

Radiation, 

partial 

excision 

Repeated 

courses 

per- 

■ratiou 

Radiation 

Repeated 

courses 

- 


Repeated 

courses 

icition, 

"V -bage, 
of 

’idible 

Radiation 

Repeated 

courses 

eration, 
fee tion 

Radiation 

Repeated' 

courses 

nr 

“Pbagia 

Radiation 

Repeated 

courses 

’’'"Pa 

Radiation 

Repeated 

courses 

4. -a 

Thyroidec- 

tomy 

Repeated 

courses 

A. <Itn 

‘aomyelitis, 

aeration 

Radiation, 

3 resections 

Repeated 

courses 

sic 

actuiQ"‘°“’ 
->‘acic spine 

Radical 

niastectomy, 

radiation 

Repeated 

courses 


sukoicad procedures 

Repented olectrosurgical 
excisions 

‘ ‘ SAIi- 

vaoed” 

years 

ACTITO 

SURVIVAL 

7 

STATUS 

Arrested 

Partial excision and 
plastic 

4 

Cure( ?) 

Repented electrosurpricnl 
excision at N". Y. C. I. 
of lesion, frontal bone 
plastic repair 

. 5 

Cured) 

V-Rcscction lip, block 
dissection neck, resec- 
tion subniaxillary 
salivarj' gland 

7 

Cure(?) 

Dental 

4 

Curo(?) 

Dental 

C 

Cure(?) 

Resection mandible 

4 

Cure(?) 

Palatal resection and 
plastic repair 

4 

Improved 

Orchiectomy + 

(stilbestrol) 

4 

Improved 

Carotid ligation, resec- 
tion of mandible; 
block dissection of 
neck 

6 

Cure(?) 


4 

Cure(?) 

Tracheotomy, laryngec- 
tomy 

5 

Cure(?) 

Blectrosurgery 

4 

Cure(?) 

Repeated excision neck 
tumor 

4 

Improved 

Disarticulation, amputa- 
tion 

14 

Cure 

Orthopedic 

4 

Improved 
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CASE 

- PA- 
TIENT 

AGE 

(TR.) 

SEX 

ADjriS- 

SION 

DATE 

Sites 

pathology 

STATUS ON ADM 
TO B, C.I. 

IG 

C. K. 

71 

M 

1941 

Breast 

Adeno- 

carcinoma 

Recurrent, large 
ing lesion 

17 

K. B. 

46 

E 

1939 

Breast 

kicdullary 

carcinoma 

Advanced nlcerat 
lesion, metasta! 
spine, rib 

18 

M.L. 

65 

F 

1937 

Breast 

Adeno- 

carcinoma 

Advanced bulky 1 
with axillary m 
tases 

19 

W. W. 

C3 

M 

1939 

Breast 

Adeno- 

carcinoma 

Advanced, large f 
ing tumor invol 
axillary glands 
ribs 

20 

M. B. 

42 

F 

1940 

Breast 

Medullary 

carcinoma 

Multiple skin nodi 
metastases to si 
pelvis, long bone; 

21 

E. S. 

34 

F 

1941 

Breast 

Adeno- 

carcinoma 

Pelvic metastases; i 
clavicular glandi 

22 

E.E. 

23 

F 

1935 

Axilla 

and 

chest 

wall 

Neurogenic 

sarcoma 

Extensive ulceratb 
fungating reenn 

23 

M.H. 

37 

F 

1940 

Neck 

Malignant 

IjTnphoma 

Involving skull, rit 
cervicotlioracic sj 
hips, long bones, 

24 

L. M. 

50 

F 

1940 

Chest 
wall 
and ribs 

Osteochondro- 

sarcoma 

Large recurrent ma 
chest wall involn 
5th, 6th, Tth ribs 

25 

M. K. 

52 

F 

1940 

Back 

Neurogenic 

sarcoma 

Recurrent extensive 
gating lesion iron 
to 8th rib 

26 

J. A. 

4 mo 

F 

1941 

Eetro- 
perito- 
neal . 

Neurocytoma 

Advanced, large eW 
nal tumor 

27 

M. S. 

11 

F 

1940 

Kidney 

Hyper- 

nephroma 

Recurrent large abd< 
nal mass 

28 

S. N. 

58 

F 

1938 

Stomach 

Adeno- 

carcinoma 

Advanced gastric car 
palpable mass 

29 

M.K. 

58 

M 

1941 

Stomach 

Adeno- 

carcinoma 

Postlaparotomy, hio?< 
able lesion 

30 

J. D. 

40 

M 

1942 

Jejunum 

Adeno- 

carcinoma 

Large papillary 1®“' 

31 

E.G. 

64 

F 

1941 

Cecum 

Adeno- 

carcinoma 

Large peristomal reca 
rent mass 

32 

M. S. 

65 

M 

1938 

Sigmoid 

Adeno- 

carcinoma 

Extensive 
colostomy 
nal wall recurrence 
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nt’d 


‘ ‘ SAI.- 


iriacATioNS 

PRIOR 

TmmAPv 

RADIATION 
AND RADIUM 

SURCICAD PROCEDDRES 

vaoed" 

years' 

ACTIVE 

SCTRVlVAr, 

STATUS 

ration, 

ection 

Partial 

excision 

Popcated 

courses 


3 

Curo(?) 

ration, 

ection 


Repeated 

courses 


5 

Improved 




nation chest 


Repeated 

courses 


7 

Arrest 

1 axilla 




ration, 

;ction 

Radiation 

Repeated 

courses 

Radical inastcctoniy 

5 

Curc(?) 

iple skin 
ons 

Radical 

mastectomy, 

radiation 

Repeated 

courses 

Local recurrence, ex- 
cisions 

4 

Improved 

phedema of 

1 

Radical 

mastectomy 

Repeated 

courses 

Paravertebral injection 

3 

Improved 

invasion 

Partial 

excision 

Repeated 

courses 

Secondary radical re- 
section 

9 

Cure 

lologic 
oture hip 

LatEuneefoiay, 
cord decom- 
pression 

Repeated 

courses 

Orthopedic 

4 

Improved 

nation, 

ection 

Partial 

excision, 

radiation 

Repeated 

courses 

Secondary radical re- 
section 

4 

Cure 

nation; 

ection 

Excision, 

radiation 

Repeated 

courses 

Secondary radical re- ' 
section, skin grafts 

4 

Cure 

'.eral and 
lal displace- 
nt 

Radiation 

Repeated 

courses 

Radical resection 

3 

Cure( ?) 

ensive retro- 
•itoneal 
’nth, renal 
npression 

Partial 

excision, 

radiation 

Repeated 

courses 

Secondary radical re- 
section 

4 

Cure(?) 

snsive tumor 
isidered 
perable i 
n before 

Radiation 


Subtotal gastrectomy 

6 

Cure 

ensive re- 
mal spread 

intestinal 

(ruction 

Laparotomy 

Gastro- 

enterostomy 

radiation 

Repeated 

courses 

Radical enterectomy 

3 

2} 

Improved 

Cure(?) 

nation, 

arrencc, 

ostomy 

’(ruction 

Mikulicz 

type 

resection 

Repeated 

courses 

Secondary radical re- 
section 

3 

Cure(?) 


’fation, 

cetion, 

stomy 

JtrucUon 


Obstructive 

resection 


Repeated electrosurgical 6 Arrested 

excisions and colos- 
tomy revision 


224 


SURGEKY 


T; 


B. C. I. 


.SE 

PA- 
TIENT • 

AGE 

(YR.) 

SEX 

ADMIS- 

SION 

DATE 

SITES 

PATHOLOGY 

STATUS ON AD5II 
TO B. C. I, 

53 

0. L. 

50 

M 

1940 

Colon, 

splenic 

flexure 

Gelatinou.s 

adeno- 

carcinoma 

Po.st laparotomy, 
sive perforating 

34 

A.G. 

55 

F 

1942 

Sigmoid 

Adeno- 

curcinoina 

Large peristomal 
rence vitli involv 
of inferior mesc 
glands 

35 

C.N. 

29 

F 

1936 

Rectum 

Adeno- - 
carcinoma 

Large postoperatii 
recurrence 

36 

H.K. 

38 

F 

1939 

Ovary 

Papillary 

cystadeno- 

carcinoma 

Postlaparotomy fo 
large extensive i 
dominal mass 

37 

R.C. 

55 

F 

19.38 

Cervix 

Squainous-cell 

carcinoma 

Recurrent extensiu 
lesion, Sclimitz 1 

38 

M. F. 

61 

F 

1938 

Cervix 

Squamous*cell 

carcinoma 

Extensive lesion, Scl 
IV ; metastases i 
pelvis and spine 

39 

K. E. 

59 

F 

1937 

Vulva 

Squamous-cell 

carcinoma 

Recurrent extensive 
ulcerative lesion, 
labia and perinet 

40 

M. S. 

64 

M 

1942 

Prostate 

Adeno- 

carcinoma 

Generalized rarefyii 
skeletal metasfnsf 
especially pelvis, 
spine, long bones 

41 

H. G. 

31 

F 

1941 

Leg 

Squamous-cell ■ 
carcinoma 

Large recurrent fu® 
ing lesion, massiyi 
volvement of grnn 
and inguinal node 

42 

J. S. 

44 

M 

-il 

1940 

Foot 

Malignant 

melanoma 

Large local recurrcn; 
with massive inyo 
ment popliteal, yn 
guinal, and peiu' 

para-aortic glandf 


ents in whom satisfactory palliation of several years’ duration had been 
:hieved, but who had died or where incapacitated by malignant disease at the 
me of the study, were not utilized. "ViHiat fraction this group comprises of 
le entire body of patients referred to the Cancer Institute for purely palba- 
ve or custodial care cannot, unfortunately, be determined. However, in our 
mrall estimation, 70 per cent of the patients admitted are definitely benefited 
j palliative methods of treatment and some 5 per cent of advanced cancer 
itients may be considered as salvaged. This compares not unfavorably Avith 
1 approximate five-year cure rate of 18 per cent generally reported for all 


incers. 

With only three exceptions all patients received secondary radiatiou, 
idium, or radon therapy, usually in several cycles. The techniques use 
iried considerably, in view of the variety of neoplasms treated, and are there- 
ire not detailed, but total amounts comprised adequate accepted tumor let a 
OSes in all instances. The series is constituted as folloAvs : nine advanced re- 
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most of the remainder, radical secondary resection with hope of tumor extirpa- 
tion was carried out. In several instances radiation alone sufficed. The opera- 
tive procedures included carotid ligation, block dissection of neck, mandibular 
resection, larjmgcctomy, disarticulative amputation, radical inguinal and ret- 
roperitoneal dissection, gastrectomy, secondary enterectomy, abdominoperi- 
neal resection, panhysterectomy, and orchiectomy. There were six success- 
fully treated pathologic fractures in the series, three of the spine and three of 
the hip, receiving a combination of orthopedic and radiologic treatment. 

The average survival of four and one-half years is in each patient at- 
tributable to intensive and repeated roentgen therapy and surgical treatment, 
most often in combination. This assumption is borne out by the fact that such 
grave complications as intractable dysphhgia, dyspnea, vomiting, pathologic 
hip or spine fracture, intestinal obstruction, hemorrhage, obstructive hydro- 
nephrosis and pyelonephritis, infection or toxemia had already supervened in 
most cases. In twenty-four patients presumptive cures and in nine instances 
definite arrest have been attained; the remainder are notably improved. The 
major features of each ease are presented in some detail in Table I. 


CONCLUSION 


Both the variable neoplastic gi-owth rates encountered and the incidence of 
prolonged periods of latency in cancer warrant considerable promise of prolong- 
ing life expectancj’- in many incurable patients vith malignant disease. Signifi- 
cant arrest of the tumor process and appreciable augmentation of the com- 
fortable longevity of the patient may in many instances be induced by the 
judicious administration of surgery, radiation therapy, and medieation. On 
occasion a five-year surrdval with apparent cure may be achieved. The all too 
prevalent attitude that nothing can be done overlooks the remarkable progress 
in remedial therapy that has been accomplished. Proper management in the 
majority of primarily ineradicable malignancies may accomplish at least as 
much as in the present-day care of such similarly incurable illnesses as arterio- 
sclerotic and rheumatic heart disease or hypertension and nephritis. Abandon- 
ment of the large group of patients vdth incurable cancer to uncontested early 
mortality after exploratorj" operation can only frustrate in large measure the 
campaign of public health education concerning prompt cooperation in cancer 
diagnosis and treatment. Forty-two patients with palliatively treated advanced 
cancer now surviving an average of four and one-half years are presented. 

The fact that at present some four-fifths of all cancer patients are ulti- 
mately candidates for palliative treatment makes the exaction of the total 
potential life and comfort salvage in this group a public health problem of tre- 
mendous significance. The relief of pain and discomfort, the eradication of 
distressing primary and secondary lesions, the control of hemorrhage and in- 
fection, the recession of osseous metastases and healing of pathologic fractures, 
the successful management of dyspnea, dysphagia, and cough, and the post- 
ponement of regional and systemic spread of the primary neoplasm are among 
the desirable results achieved by the great armamentarium of modern pallia- 
tive methods. In the province of advanced cancer this paraphrased dictum is 
truly applicable, “the physician can cure on occasion, help often, but provide 
comfort always.” 
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A REVIEW OF 101 SUBTOTAL GASTRECTOMIES ]^^OB BENIGN ULCER 
R. L. Sandkrs, jM.D., SIempiiis, Tknk. 

T he 101 subtotal resections upon ^vhieh this study is based liavc been per- 
formed during the past eleven years. It has been our policy to be neither 
the first nor the last in the adoption of an operation, and neither too conservative 
nor too x'adical in its practice. With added experience, however, it is but 
natural that our viewpoint, has broadened and, in common with other surgeons, 
we have increased the scope of the procedure. Wc therefore feel that the find- 
ings, treatment, and re.sults in these 101 cases arc probably repre-sentative and 
may be of some value in an estimation of the indications, extent, and efficacy of 
resection of the stomach for benign gastric ulcer and for duodenal ulcer and 
its complications, according to modern conception. 

GASTRIC UnCER 

In selecting our patients with gastric ulcer for resection, we have always 
regarded chronic perforation, hemorrhage, obstmetion, and associated extensive 
gastritis as definite criteria. Operation in such cases should be delayed only 
while the patient is being prepared, as these lesions are recalcitrant to medical 
treatment and continued conservative management is both useless and dangerous. 
In that more indefinite group, the uncomplicated ulcers, we have occasionally 
been somewhat less certain as to the proper coui’se to pursue. Fonnerlj’’, we were 
inclined to temporize with medical management unless malignanej’- seemed 
probable. Witliin recent years, we have taken a more aggressive course. We 
have appreciated more and more the fact that evidence of healing of a gastric 
ulcer after a period of medical treatment by no means signifies that the lesion 
IS benign. By far the majority of carcinomas will also respond temporarily 
to medical measures. Not only this, but ulcer may be indistinguishable clinically 
from carcinoma. The usual ulcer sjTuptoms in a comparatively young individual, 
associated with high stomach acids and a roentgenographic picture of a small 
lesion may also apply to carcinoma. In a study of our own cases of gastric 
cancer, we found that a preoperative diagnosis of ulcer was made in 22 per 
cent, and in a few others a distinction could not be made between ulcer and car- 
cinoma prior to operation. Walters" reported that in 33 per cent of the cases 
of carcinoma of the stomach in which operation was performed at the Mayo 
Clinic over a period of thirty-two years, the characteristic symptoms of ulcer 
were described in the history. Further, Judd and Priestley' found that ap- 
proximately 7 per cent of patients who have a resection for malignancies of the 
stomach are less than 40 years of age ; approximately 9 of 10 carcinomas are 4 
cm. or less in diameter; and a roentgenographic diagnosis of ulcer is made in 
approximately 10 per cent of cai’cinomas proved at operation. Again, the 
possibility of diagnostic error is forcefully demonstrated by Allen and Welch.' 
They report that of 69 patients subjected to gastric resection udth a preoperative 
diagnosis of ulcer, 30, or 43 per cent, had a final diagnosis of cancer by the 
pathologist. Further, of 175 patients treated medically for ulcei’, 13 were 
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eventually found to have cancer. They regard this as an illustration of the 
difficulty of making a true diagnosis even while the lesion is under observation. 

Nor is the location of the ulcer a definite indication of its benign or malig- 
nant nature. As a rule, lesions situated at the pylorus or in the antnim and on 
the greater curvature are malignant, whereas those in the mid-portion or 
proximal half and on the lesser curvature of the stomach arc more often benign. 
Even in the latter areas, however, the potentiality of cancer is by no means 
negligible ; at least one-third of the lesions so situated are malignant. 

In so far as sjTnptomatic relief is concerned, statistics indicate that medical 
treatment is curative in less than one-half the cases of gastric ulcer. Many 
patients must follow a medical regimen continuously for an indefinite period, 
and every one should have frequently repeated roentgenographic studies until 
cure is fairlj>- certain. On tlie other hand, gastrectomy may be relied upon to 
relieve the sjTnptoms completely or at least materially in almost 100 per cent 
of cases. Added to this, resection eliminates the danger of malignancy and prac- 
tically eliminates the danger of a recurrent ulcer. In our experience, patients 
have obtained uniformly good stomach function, and thus far none has exhibited 
signs of a recurrent lesion. 

The mortality of gastric resection in properly selected cases cannot well 
be held as an argiiment against its use. In the presence of an ulcer situated 
high on the lesser cunmture, one must often compromise upon gastroenterostomy. 
The general condition of the patient may also prohibit resection. When the 
location of the ulcer permits and tlie patient is a suitable risk, the operation 
should be performed with a mortality of not over 5 per cent, which is only one- 
half the percentage of malignant degeneration. 

Considering this fact and the fact that medical measures are curative in 
not more than 50 per cent of eases, whereas the prospect of permanent relief 
by resection is excellent, both medical and surgical opinion are tending more 
and more toward the latter procedure as the treatment of choice for uncom- 
plicated gastric ulcer. Conservative management is reserved for those in an 
obviously early stage of development, preferably in the proximal portion of 
the stomach. If the symptomatic and roentgenographic signs disappear wutliin 
three or four weeks, one may then feel that operation maj’- be safely withheld 
so long as frequent checkup roentgenograms remain negative. Persistent or 
recurrent symptoms and signs after this brief period of medical treatment are 
regarded as definitely indicating surger 3 ^ 

DUODENiVL ULCER 

The obsen'er of trends in the treatment of duodenal ulcer cannot but be 
impressed with t-\vo facts: first, that although this lesion is now recognized as 
being an essentially medical disease, the number of patients who require 
surgery has not decreased. A review of our own cases over the past eleven 
years reveals that now approximatelj’^ 33 per cent of patients with duodenal 
ulcer come to operation, whereas prior to this period approximately 30 per cent 
required surgery. Our criteria for operation having remained unchanged, we 
have no explanation for this other than that we are seeing more patients mth 
surgical ulcers. Second, our conception of the choice of operation has been 
considerably altered. Acute perforations, constituting approximately 16 per 
cent of the duodenal ulcers wm have seen which demand surgeiy, are usually 
treated by simple closure. Parenthetically, it is worthy of note that even m 
certain of these cases a few surgeons are now employing resection. Aside from 
this group however, palliative surgeiy has to a large extent been replaced oy 
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resection. Pyloroplasty has been abandoned almost entirely, and gastroenteros- 
tomy is employed by most surgeons only when the condition of the patient pre- 
cludes the more radical operation, or ■when the lesion is situated so far distally 
on the duodenum as to encroach u])on the common duct. We have not per- 
formed a pyloroplasty in our clinic since 1939, and in that year performed only 
one. In 1940, resection was done in one-half of our patients with primary 
duodenal ulcer, and ga.stroenterostomy in the other half; today three-fourths 
are treated by resection. Other clinics report a similar experience. Walters 
and his associates® reported that in 1940 gastroenterostomy constituted 55 per 
cent of operations for duodenal ulcer at the Mayo Clinic, and gastrectomy a 
little over 40 per cent. ' In 1942, this was rcvci'sed; gastrectomy was peiiormed 
in over 57 per cent, while gastroenterostomies fell to approximately 41 per cent. 
Marshall® reported that at the Lahey Clinic during the past seven years, 395 
patients were operated upon for peptic ulcer, aside from those vdth acute 
perforation. Of this 395, subtotal resection was performed in 318 and gastro- 
enterostomy in 75 cases. Hinton-' stated that he has performed subtotal gastric 
resection exclusively in his cases of chronic gastric and duodenal ulcer since 
1932. AH this means that surgeons have become convinced of the superiority 
of resection over gastroenterostomy when such a course is feasible. Further, one 
cannot overlook the fact that improved methods of preoperative treatment have 
made the procedure feasible in an increasing number of cases. 

It has been our custom to advise resection in the presence of one or more 
of the following complications ; (1) recurrent hemorrhage, (2) obstruction, (3) 
intractable pain, and (4) recurrent or reactivated ulcer. 

Hemorrhage . — Primary resection has been pei’formed for repeated episodes 
of bleeding in one-third of our surgical eases. Operation has been limited to 
those patients in whom the hemorrhage recur-s often and is associated with 
long-standing symptoms of ulcer, paiHcularly pain. On exploration, an ulcer 
is usuaUy found on the posterior duodenal wall, its base extending deep into the 
pancreas. As a rule, the bleeding is produced by erosion of one of the larger 
pyloric group of vessels. The pain is generallj’- due to edema and obstruction 
incident to a more or less severe inflammatory reaction of the pancreas, as well 
os to acid coiwosion of the ulcer and pylorospasm. Not infrequently, an anterior 
ulcer is likewise present, and occasionally one encounters an anterior ulcer 
which itself is hemorrhagic. 

If the hemorrhage is of massive proportions, there may be some question 
as to the advisability of operating immediately or delaying the procedure. In 
young individuals, that is, under 45 years of age, we feel that operation is 
indicated only if transfusions and other supportive treatment fail to control 
the bleeding and raise the blood pressure to a satisfactory level -within thirty- 
six to fort 3 >'-eight hours. With few exceptions, a clot will form and close the 
opening of the bleeding vessel in this group of patients. Not infrequently, the 
hemorrhage is the first evidence of ulcer and the patient has had no opportimity 
to try medical treatment. If the ulcer is of long standing, however, and medical 
treatment has been given an adequate trial, we believe resection is advisable as 
soon as the patient sufficiently recovers. In any event, a second massive hemor- 
rhage is a definite indication for operation. A single massive hemorrhage in 
patients beyond the age of 45 is more serious. The arterial walls are less 
elastic and the formation of a clot is less likely. In tliis group it is best to 
operate within twelve to twentj^-four hours unless continuous or repeated trans- 
fusion brings about a definite improvement; even so, operation should be per- 
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formed as soon as feasible following cessation of the hemorrhage. We have 
had only a few patients whose hemorrhage could be classified as massive, all of 
whom have recovered. Eeports of large series, however, have shown that opera- 
tion for massive hemorrhage in individuals over 45 years of age carries a high 
mortality, especially if the procedure is delayed beyond the first twenty-four 
hours after onset. 

Obstructio7i arising from inflammatory edema of an othenvise uncomplicated 
ulcer may generally be overcome by medical treatment. On the other hand, in 
the presence of edema associated with a penetrating posterior lesion combined 
with a cicatrizing anterior ulcer, resection becomes necessary; medical treatment 
is advisable only as a preoperative measure, or the obstinetion may be of such 
long standing as to have produced an enormous dilatation of the stomach and 
to be entirely unresponsive to conservative management. In these cases, we 
believe resection affords the only promise of relief. We have recently encoun- 
tered a lesion of the latter type in a woman, aged 36 5’ears. She had had attacks 
of abdominal pain for as long as she could remember, and definite ulcer symp- 
toms for fifteen yeais. During recent years she had vomited dailj’-. Having 
undergone many examinations and much ti-eatment, with no relief, she was 
referred to us for sui-gery. Our examination revealed, in addition to the ob- 
structing duodenal lesion, an enormous stomach, the greater curvature lying 
on the pelvic floor when the patient was in the standing position. These findings 
wmre confinned at operation. An anterior ulcer, which had slowdy perforated 
and was being protected, was producing an almost complete obstruction. The 
stomach w'as twenty inches or more in length and of commensurate depth, 
its walls exceedingly edematous. A subtotal resection -was followed by prompt 
relief of symptoms. 

In this connection, the presence of an anterior ulcer should always lead one 
to suspect a posterior lesion as well, whether indicated by the symptoms or not. 
It is now well kno^vn that the majority of ulcers are multiple, and unless a 
careful search is made a posterior lesion may go undetected. Frequently, it is 
necessary to open the stomach to bring the latter into view. We have encoun- 
tered multiple lesions in 62.5 per cent of 'the primary resections we have done 
for ulcer. 

A small number of patients with ulcer, u.sually those past middle age with a 
history of constant or recurrent sjTnptoms covering many years, require opera- 
tion because of mechanical obstruction at the pylorus incident to the long-stand- 
ing inflammation and consequent cicatrization. Formerly, this was the one 
complication for ■which gastroenterostomy was considered ideal. Experience 
has sho-vTO that it is the one most amenable to cure by gastroenterostomy; the 
stomach acids are practically ahvaj^s low and the result generally excellent. 
Nevertheless, within the past two years we have been performing resection in 
this group of patients, also, as the procedure of choice. There are several 
reasons for this change of attitude. In the first place, the stomach is considerably 
enlarged and the small gastroenterostomy opening does not pemit the contents 
to empty quickly enough. Second, the patient has a much quieter and more 
rapid convalescence. Third, the technical procedure is more easily executed, 
there being no firm adhesions between the duodenum and pancreas. Fourth, 
by removal of the ulcer-bearing portion of the stomach we have every assurance 
that we have permanently rid the patient of his disease. Although the likelihoo ^ 
of recurrence following gastroenterostomy in these eases is remote, it is certam } 
worth considering. 
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Intractable pain, which is practically always accompanied b}’’ high acid 
values and the digestive symptoms of nicer, is onr major reason for resection in a 
large proportion of cases. Realizing the difficulty of relieving these patients by 
any type of treatment, we have attemi>tcd to select them with care. Operation 
has been advised only after prolonged medical treatment has pi’oved ineffectual 
or if the patient has shown himself incapable of folloAving a medical regimen for 
occupational or other reasons. On exploration, one usually finds both an anterior 
and a posterior ulcer, the latter penetrating into the pancreas and being chiefly 
responsible for the persistent symptoms. After operation, it is often necessary 
to obseiwe the patient at brief intervals for an indefinite time. This is espe- 
cially trae of those of unstable temperament, since such individuals will fre- 
quentl}’- continue to complain, despite every physical and roentgenographic 
appearance of an excellent result. 

Gastrojcjunal ulcers ai’c obsciwed most often in yoimg or middle-aged in- 
dmduals with high acid values who have had a gastroenterostom}". JIany of 
•tliem appear within a few days or a few weeks folloiving operation, and the 
majority manifest themselves within eighteen months. Although years may 
elapse before the patient comes to surgery, the history will usually reveal that 
the symptoms recurred within a short wdiile after operation. The symptoms, 
however, are not quite typical: the pain is slightly lower and more to the 
left, is more constant and severe, and is seldom completely controlled by food 
or alkali. Bleeding, often serious, has been associated in one-third of our cases. 

According to our obseiwation, medical treatment for these ulcers gives only 
temporaiy relief. For this reason, we regai’d operation as imperative as soon 
as the patient can be pi*epared. Perforation into the peritoneal cavity, and 
especially into the ti'ansverse colon, is alwaj's a possibility. Frequently, also, 
the necessity for operation is increased by the presence of an active duodenal 
ulcer. During the past eleven yeare Ave have operated upon eight patients for 
gastrojcjunal ulcer, all except one of Avhom had an associated duodenal ulcer. 
One patient had not only a duodenal ulcer, but two gasti’ojejunal ulcers, one 
penetrating into the pancreas and one into the colon. In 3 of the 8 eases the 
gastrojcjunal ulcer had penetrated onto the transverae colon, and in an addi- 
tional 2, or 25 per cent, a gastrojejunoeolic fistula was present. 

Extent of Operation . — Experience has shown that the ultimate success of 
gastric resection depends chiefly upon its extent. The object of the operation 
is the control of hypermotility and hypersecretion and, by this means, relief of 
the patient’s symptoms. It is noAV well Icnown that the major factor in recur- 
rent ulcer following resection is failure to remove the pylorus and antrum, this 
being the portion which is largely resfionsible for activity of the acid-bearing 
cells. Thus, the operation should invariably be one which completely extir- 
pates the antrum, pylorus, and ulcer. If such a procedure is not technically 
feasible because of extensive ulceration or inflammatory reaction, it is better 
to be content with a gastroenterostomy ; if necessary, an adequate resection may 
be performed after a period of physiologic rest. 

PolloAv-up studies have proved that, Avith feAv exceptions, 55 to 65 per cent 
of the distal portion of the stomach, together Avith the ulcer, is ample to fulfill 
all the requirements of resection for primary duodenal ulcer. Some surgeons, 
hoAvever, consider it advisable to resect three-fourths or more, contending that 
absolute achlorhydria is essential to prevent recurrence. With tliis AA^e cannot 
agree. The disturbance of gastric function and the total anaeidity incident 
to such Avide resections may lead to serious nutritional deficiencies. Friedell, 
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Sliarr, and "Walters^ found that when one-half or more of the stomach, including 
the pylorus and antrum, is removed, a permanent reduction of the free hydro- 
chloric acid in the fasting contents follows, and this reduction is to 0 in 75 per 
cent of eases. If more than this amount is removed, there is only a slight in- 
crease of the incidence of the reduction to 0. Tlie remaining 25 per cent does 
not obtain relative achlorhydria, even though the entire pylorus is resected. It 
seems quite likely, as they suggest, that marginal ulcers following resection de- 
velop in the 25 per cent ; unquestionably, those who are not completely relieved 
are in this group. Church and Hinton^ reported that 46 per cent of their 
patients had no free hydrochloric acid postoperatively, including not only those 
who were regarded as cured, but also a number who were merely benefited 
and even unimproved. We have found that a relative achlorhydria gives ex- 
cellent results and see no point in depriving the patient of any more of the 
stomach than is necessaiy. In fact, it is our conviction that removal of 50 
per cent for primaiy duodenal ulcer in a patient vdth low acids is just as effec- 
tive as the more massive resection, and that excision of more than two-thirds is 
unwarranted unless the acids are excessive or an extensive gastritis is present. 
A reeuiTent or marginal ulcer, of coui-se, demands a liigher resection. These 
patients are unlikely to be relieved entirely bj" any method of treatment, though 
we may reasonably promise them a eompai’atively comfortable existence by re- 
moval of 75 to so per cent of the stomach. Even so, medical treatment for an 
indefinite period after operation is often advisable. 

The Polya tjq)e of anastomosis is employed routinely in all our gastrec- 
tomies. Formerly, an effort was made to reconstruct the continuity of the 
intestinal tract posterior to the colon in every case, hlore recently, however, 
we have been using the antecolic anastomosis, as suggested by Balfour, in an 
increasing number. With these techniques, we believe the acid factor is better 
controlled by reason of the rapid emptying, which limits the admixture of acid 
with the stomach contents, and bj'^ reason of the fact that the maximum amount 
of bile is admitted into the stomach through the larger opening. During the 
early postoperative period, too rapid emptying is prevented by spastic contrac- 
ture of the jejunum, and after healing is complete the jejimum acquires a 
certain immunity to the stomach acids and itself assumes some degree of diges- 
tive function. In addition to these features, obstruction incident to adhesions 
or to contracture of the stoma from scar tissue is less likely following the Polya 
anastomosis. 

We have never performed an additional enteroenterostomy, even in our 
highest resections for ulcer. This procedure is not only unnecessary, but tends 
to prevent a material reduction in gastric acidity and thus increases the danger 
of recurrence. 

ANALYSIS OF CASES 

In making this study, we have reviewed all our cases of gastric, duodenal, 
and gastrojejunal ulcer over the past twenty-sLx years, comprising a total of 
1,218. Of this number, 1,147 (94.2 per cent) were duodenal, 45 (3.7 per cent) 
were gastric, including 8 in which both a gastric and duodenal ulcer were 
present, and 26 (2.1 per cent) were gastrojejunal. These figures, together 
with the number of each type in which operation was performed, are shown m 
Table I. 

As may be seen, in our experience the incidence of gastric ulcer has been 
quite low in proportion to the incidence reported by others, being 3.7 per cen 
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Tabi.k I. Patients AVitii Uecer, jANUAny, 1018 to January, 1014 (1,218) 



patients 

operations 

rr.R CENT 

Duodonnl ulcer 

1,147 

350 

30 

Gastric ulcer (8 cluoilennl ulcer) 

45 

27 

00 

Gastroiojunnl ulcer 

2(5 

10 

GO 

Totals 

.1,218 

.393 

32.4 


of the entire 1,21S, or 1 in eveiy 27. Further,' the gastric ulcers for wliich opera- 
tion was done were only 7 per cent of the total of 393 surgical ulcers. We have 
no explanation for this, as we liave been most careful to locate cveiy ulcer 
definitely and to i-ecord its location. 

For purposes of comparison, tlie scries of 1,218 ulcers has been divided 
into two groups : those ohserved prior to dauuary, 1933, when we first began the use 
of gasti’ectomy for duodenal ulcer, and those from 1933 to 1944. The distribu- 
tion of the ulcers and the opci’ations performed arc shown in Tables II and III. 


Table H. Patients With Ulceb, 1018 to 1932, Inclusive (000) 



PATIENTS 

OPEIUVTIONS 

PER CENT 

Duodenal ulcer 

504 

107 

30 

Gastric ulcer (2 duodenal ulcer) 

24 

12 

50 

Gastrojejunal ulcer 

12 

8 

00 ( 

Totals 

600 

187 

30.1 

Table III. Patients AVitii Ulcer, January, 

1933 TO January, 1944, Inclusive (018) 


PATIENTS 

operations 

per cent 

Duodenal ulcer 

583 

183 

31 

Gastric ulcer (0 duodenal ulcer) 

21 

15 

71 

Gastrojejunal ulcer 

14 

8 

57 

Totals 

618 

200 

33.4 


The cases in these two series are similar in type and number, though the 
percentage of total operations is slightly higher in the latter group. This holds 
true even when one omits the operations for acute perforating ulcer, which in the 
fii-st group is 27 per cent and in the second group, 28 per cent. The types of 
operations employed in the two groups of cases are shown in Table IV. 


Table IV. Total Operations in 1,218 Patients VTth Ulcer, 1918 to 1944 



CLOSURE 

PER- 

FORATION 

PYLORO- 

PLASTY 

GASTRO- 

ENTEROS- 

TOMY 

RESECTION 

TOTAL 

Uroup 1 

000 cases 1918-1932 

24 

35 

125 

3 

187 

^roup II 

618 cases. 1933-1944 

33 

14 

58 

101 

200 

totals 

57 

49 

183 

104 

393 

— 





These figures clearly show our trend toward resection as the procedure 
of choice for ulcer during recent years. Of the 3 cases for which resection 
was done in the earlier group, 2 were for gastrojejunal ulcer and 1 for gastric 
and duodenal ulcer combined. The lesions for which resection was done in the 
second group are sho^vn in Table V, together with the mortality. 

In 2 cases of gastric ulcer the lesion was so high as to preclude resection 
and a gastroenterostomy was necessarj’’. 

In the 61 operations for primary duodenal ulcer and the 6 for duodenal 
and gastric ulcer combined, a total of 67, there were 42, or 62.5 per cent, multiple 
ulcers. 
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Table V. Findings and Mortality in 101 Eesections fob XJlceb, Jandary, 1933 to 

January, 1944 



NUMBER 

MORTALITY 

PER CENT 

Primary Operations 

Duodenal ulcer 

Cl 

1 

1.7 

Duodenal and gastric ulcer 

5 

0 

0 

Gastric ulcer 

7 

1 

14.3 

Totals 

73 

2 

2.7 

Secondary Operations 

Duodenal ulcer 

19 

0 

0 

Duodenal and gastric ulcer 

1 

0 

0 

Gastrojejunal ulcer 

C 

0 

0 

Gastrojejunal ulcer with colon fistula 

2 

1 

50 

Totals 

28 

1 

3.6 

• 

101 

3 

3.0 


On studying these 101 patients with regard to the results of resection, we 
find that of the 13 patients ivith gastric ulcer, including those with duodenal 
ulcer as well, 11 were operated upon from nine months to nine years ago. Of 
these 11 patients, 10, or 90 per cent, obtained a good functional result and were free 
of their former ulcer symptoms. The eleventh patient died of a pulmonary em- 
bolism on the third postoperative day. 

Of the 61 patients with primary duodenal ulcer, 1, or 1.7 per cent, suc- 
cumbed to pneumonia postoperatively. This, incidentally, wms the first patient 
of the series, operated upon in 1933. Of the remaining 60, 50 were operated 
upon more than one year ago. Tavo of these 50 have not been heard from since 
leaving the hospital. Of the other 48, 33 report an excellent result, with good 
stomach fimction and complete relief of their distress. An additional 10 have 
been materially relieved, though they still have some minor disturbance, such as 
mild nausea and vomiting after brealefast, or some weakness or stubborn weight 
loss. These 43 patients represent 90 per cent of results which may be classified 
as excellent or good. Four patients, or approximately 8 per cent, have clinical 
and roentgenographic evidence of a recurrent ulcer at the stoma. 

The total operative mortality of the 73 patients operated upon primarily 
was 2, or 2.7 per cent. Of the 28 for whom resection was performed as a 
secondary procedure, 1 died, this being a mortality of 3.6 per cent. The latter 
patient was one of the two Avho had a gastrojejunocolic fistula. The fistula- had 
been present for six months. Death was due to pneumonia. 

It is of interest to study these results of resection for primary duodenal 
ulcer from the standpoint of the pathologic condition found at operation, as 
shown in Table VI. 


Table VI. Results of Gastric Resection in Forty-Nine Cases of Primary Duodenal 

Ulcer 



COMPLETE 

BELIEF 

PARTIAL 

BELIEF 

NO 

RELIEF 

DIED 

total 

PER CENT 

Bleeding ulcer (7 multiple) 

13 

4 

0 




Obstructive ulcer (2 multiple) 

5 

1 

0 




Intractable ulcer (16 multiple) 

15 

5 

5 

^EH 



Totals 

33 

10 

5 

1 

49 

lUU 


It will be seen that 17, or 34.7 per cent, of the patients who were operated 
upon more than one year ago had a bleeding posterior ulcer, 7 of them with 
an associated anterior ulcer. Thirteen of the 17 were completely relieved and 
4 partially relieved. Thus, the entire 17, or 100 per cent, were benefited by the 
operation. There ivere no deaths in this group. 
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Five of the 6 patients with obstructive ulcers liave remained entirely free 
of sjTnptoms, and 1 still has some nausea witli vomiting of bile at times. Two 
of the 6 had both an anterior and a posterior lesion. 

Of the. 26 for whom resection was perfonned for intractable pain, 15 were 
completely relieved, 5 partially relieved, 4 continued to have considerable dis- 
comfort, 1 developed clinical evidence of a gastrojejunal ulcer, and 1 died. 
Sixteen of the 26 had multiple ulcers. 

Although this series is small, it shows that our experience is similar to that 
of other surgeons, .in that obstructive ulcers of the duodenum have been found 
most amenable to cure, that resection for bleeding ulcer maj’- be expected to give 
the next best results, and that for intractable ulcers the prospect of complete 
relief is somewhat less certain. 

Of the total of 8 patients for vdiom resection Avas perfonned for gastro- 
jejunal ulcer, all were operated upon more than one year ago. Six have obtained 
an excellent result, having' no S 3 Tnptoms Avhatever, and 1 has only occasional 
nausea. These 7 constitue 87.5 per cent of good results. The remaining patient, 
Avho had a gastrojejunocolie fistula as mentioned previously, died, constituting 
a mortalitj’’ of 12.5 per cent in the group of 8. 

Of the other 19 patients avIio had i-esection folloAving a previous operation, 
16 came to surgerj'' more than one j’^ear ago. Three of these have some slight 
nausea, and the others report complete relief with a good functional result. 


Table VH. Mortality of 101 Patients With Resections of. the Stomach for Benign 

Ulcer 



number cases 

NUMBER DEATHS 

Primary duodenal ulcer 

61 

1 

Gastric ulcer (6 with duodenal ulcer) 

13 

1 

Gastrojejunal ulcer 

8 

1 

Reactivated duodenal ulcer 

19 

0 

Totals 

101 

3 (3%) 


In Table VII is presented a composite picture of our mortality of resection 
for aU types of benign ulcer of the stomach and duodenum. In a total of 101 
resections, Ave have had 3 deaths, a mortality of approximately 3 per cent. Con- 
sidering the nature of the operation and the fact that many patients Avith these 
lesions have associated disease AA^hich materially increases the risk, Ave feel that 
a mortality of 5 per cent or less is certainly commensurate Avith that of other 
abdominal procedures of similar magnitude. We have had no deaths from re- 
section in these eases for the past eight and one-half years. 
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DICUMAROL IN THE PKEVENTION OP POSTOPERATIVE 
THROIMBOSIS AND PULIMONARY EMBOLISM 

Gael Reich, M.D., JMelvin D. Yahr, M.D., Care Eggers, M.D., New York, 
N. Y., With the Technical Assistance op Ruth Lipkin 

(From the Surgical and Ohstetrical Services of Lenox Hill Hospital) 

A t the time of John Hunter and Cruvelliier, pathologists were of the 
opinion that thrombosis occuiTed as a sequel to phlebitis. In 1846, Vir- 
chow^' " began his expei’imental work on thrombosis and during the next ten 
years eompletel}’’ revolutionized all existing knowledge on this subject. He 
demonstrated conclusively that a thrombus is the primary essential condition 
in phlebitis. He was also the first to recognize pulmonary embolism. This 
work was his single gi'eatest achievement in pathologj^ and is in every sense 
his very own. 

Postoperative thrombosis and pulmonary embolism have always been a 
source of great concern to the surgeon. A successful operation coupled Avith 
an uneA’’entful subsequent convalescence does in no waj"^ guard the patient 
against a possible fatal embolism. 

In a reAuew of the literature®'® we find that the incidence of venous throm- 
bosis and pulmonarj^ embolism is 1 per cent of all surgical procedures, 2 per 
cent of all laparotomies, and 3 per cent of laparotomies performed on women. 
The occurrence after splenectomy is as high as 5 per cent. Since the platelets 
are v^ery much increased after the operation this is undoubtedly a contributing 
factor. 

Infection and extensive resection of tissue increase the occurrence of 
thrombosis and embolism. Other predisposing factors according to Barker 
and his co-workers are obesity, blood diseases, heart disease, peripheral vas- 
cular disease, and malignancy. 

Many factors are involved in the , production of postoperative venous 
thrombosis, the most important of which are local changes in the wall of the 
veins, the rate of A'^enous flow, and disturbances in the coagulation of the blood. 
According to Neumann® and Yoegt,’^ thrombophlebitis begins in the pelvic ve- 
nous plexuses where complete stasis is possible or in the venules of the sub- 
cutis and muscles of the caNes and thighs where prolonged pressure and 
ischemia cause tissue damage. Complete postoperative bed rest predisposes to 
lesions in the legs. 

Thrombophlebitis rarely occurs in the first four days after operation. It 
makes its appearance between the fourth and the fourteenth day. Pulmonarj’’ 
embolism, on the other hand, is more often seen between the seventh and the 
fourteenth postoperative day. When thrombophlebitis does occur, postopera- 
tively, it generally invoNes the veins of the lower extremities or, if intra-ab- 
dominal, the veins of the pelvis. The veins of the left leg are involved tAvice 
as frequently as those of the right, the short saphenous being the most common- 
ly affected. Nevertheless, this condition can occur in any of the veins. The 
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thrombus may eitlier adliere to the wall of the vein and become organized, or it 
may detach itself to form an embolus. The degree of pulmonary involvement 
depends upon the size of the embolus. An embolus arising from the saphenous 
vein would be relatively harmless, while one from tlie iliofemoral would be of 
sufficient size to cause death. After a thrombophlebitis has existed a few days 
it is less likely to be a source of embolism, for the thrombus has become ad- 
herent to the wall of the vein. Most of the eases of pulmonaiy embolism ari.se 
from so-called silent thrombophlebitis which cannot be diagnosed. Even at 
autopsy in eases of fatal pulmonary embolus it is often impossible to find the 
etiologic thrombophlebitis. 

Post-mortem studies have shown that many patients suffered from re- 
peated small pulmonary emboli until one was of sufficient size to be fatal. 
This emphasizes the importance of prompt treatment in cases of small multiple 
emboli. 

Until recently there was no effective treatment for postoperative throm- 
bosis and pulmonaiy embolism. Some sui-geons®- ” hoiied to prevent this con- 
dition b.y having the patient get out of bed a day or two after the operation. 
The purpose of this was to improve the circulation in the lower extremities. 
Other less drastic physical measures recommended were turning the patient 
frequently to elevate the lower extremities and to exercise them. It was also 
advised to have patients breathe deeply and cough in order to keep the lungs 
clear and well aerated. Newer methods include paravertebral procaine sym- 
pathetic block^®. and venous section and ligation.^' 

In 1924, Mason^" reported on the use of heparin in the prevention of 
thrombosis and embolism. This heparin was too toxic for general use. Ten 
years later Charles and ScotU^ and JIurray and Best“ in Toronto investigated 
its possibilities and found it effective in the treatment of thrombotic condi- 
tions. The use of heparin has many disadvantages; it is expensive, must be 
given intravenously, and is difficult to control. 

In 1941,’® with the synthesis of dicumarol, the answer to the treatment of 
venous thrombosis and pulmonary embolism seemed to have been found. Here 
vas an agent that could be produced inexpensively in large quantities and 
■"'liich was effective orally. It changed the coagulation of the blood in the de- 
sired way and was easy to control if used intelligently. 

Butsch and Stewart’® tried dicumarol on a small group of patients with no 
untoward results. They started it forty-eight hours preoperatively so that 
the patient's prothrombin time was prolonged during and after the operation. 
No thrombosis occurred in this series. Barker, Allen, and Waugh” reported 
good results while using dicumarol. There was slight bleeding in 4 per cent 
of their patients postoperatively. 

Shapiro and Sherwin’® and Zucker’® have also reported favorably on the 
safety of this drug. On the other hand there has been some adverse comment 
on the use of anticoagulant in the treatment of thrombophlebitis. The main 
criticism according to DeBakey has been that the series of investigations is not 
adequate, nor are the results sufficiently impressive to justify definite state- 
ments. 

In an effort to evaluate the furtlier use of dicumarol, we subjected a series 
of surgical patients to a prophylactic course of the drug. At the same time we 
used this drug in the treatment of cases of venous thrombosis and pulmonaiy 
embolism which arose on the surgical services. This experiment extended 
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from October, 1943, to July, 1944. The teclmique of administeriug the dicu- 
marol and the method of performing the prothrombin test to control its use are 
of such paramount importance that they will be described in detail in the fol- 
loAving paragraphs. 

METUOD OP ADMINISTRATION 

The simplest expression for the coagulation of blood in vitro based on the 
pioneer work of Morawitz, Fuld and Spiro is : 

I. Prothrombin + Ca + thromboplastin = thrombin 
II. Fibrinogen + thrombin = fibrin (clot) 

Dicumarol acts by inhibiting the production of prothrombin at its som'ce, 
namely, the liver. 

Dicumarol is a tasteless, odorless white powder which is put up in 100 and 
50 mg. capsules. A prothrombin determination is done before administration 
to find the patient’s normal blood level. After this has been established 300 
mg. are given. On the following day a prothrombin level is done again, and 
unless it is markedly prolonged 200 mg. are given. The object is to prolong the 
prothrombin time to twice its normal value. In other words, if normal is 17 
to 20 seconds the therapeutic range would be about 34 to 40 seconds. It is de- 
sirable to keep the patient in this range during treatment. Naturally, every 
person reacts differently to drugs and it is necessary to adjust subsequent 
doses individually. In many cases the prothrombin time is prolonged rapidly 
and the prothrombin determination on the third day shows that the patient is 
in the therapeutic range. Then it is best not to give any drug on that day and 
see what the prothrombin level is on the fourth day. If still in the therapeutic 
range, no drug is given on that day either. On the other hand, if the pro- 
thrombin time is rapidly becoming shorter and the patients are getting out of 
the therapeutic range, 100 mg. of dicumarol are given. Other patients vdll 
be found who do not reach the therapeutic range with the first 300 and 200 mg. 
In these eases another 100 mg. are gNen on the third day and prothrombin ob- 
servation made daily after that. The important thing in giving the drug is to 
remember that its effect is delayed and cumulative. It is better to proceed 
cautiously and give smaller doses than to plunge recklessly ahead. The essen- 
tial principle, therefore, is not to give any dicumai’ol until after the prothrom- 
bin level has been recorded. When this has been done, given conseiwative 
doses, 100 mg. usually after the second day and never more than 200 mg. at a 
time, sometimes even 50 mg. is enough. 

If bleeding should occur, a transfusion of fresh citrated blood plus 60 mg. 
of water-soluble vitamin K intravenously will raise the prothrombin level 
promptly. 

Salicylates, notably aspirin, should not be given at the same time that 
dicumarol is being used. The reason for this is that dicumarol can be synthe- 
sized from salicylic acid and while the salicylates are only one-twentieth as ac- 
tive anticoagulants as dicumarol, they might produce an unforeseen intensified 
action if given together. 

TECHNIQUE 

TJvrom'boplasUn. — Babbit’s lungs. 

'Preparation: 

1. Eemove lung from freshly lulled rabbit (A.Z. rabbits can be used 
to save expense). 
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2. "Wash liiug, to remove blood, for about fifteen minutes in cold running 
•water ; blot out excess -ndth filter paper. 

3. Cut in small jiieces and iilace in evaporating dish. 

4. Place dish in desiccator (drjdng agent BaO:) ; attach to suction ap- 
paratus to form a vacuum. 

5. Place desiccator in incubator at 37° C. for twenty-four hours (dry- 
ing process). 

6. Remove pieces of lung from desiccator, grind finely in mortar. 

Thromboplastin . — 

1. Rabbit’s lungs (thrombo), 100 mg. 

2. Add 5 c.e. of normal xihysiologic saline solution .(0.85 per cent). 

3. Inactivate for ten minutes in water bath at 57° C. ; stir eonstantly. 

4. Remove from water bath, stirring until thrombo reaehes room tem- 
perature. 

5. Add 5 c.c. of CaCl; (1.11 gr. to 500 c.e. ItyO) ; shake thoroughly. 

6. Centrifuge for four minutes at 1,800 revolutions; use supernatant 
fluid. 

Obtaining Blood Specimen . — 

1. Use 4.5 c.c. of blood to 0.5 sodium oxalate ; 1.34 gr. to 100 c.e. HoO. 

2. Centrifuge and remove plasma. 

Prothrombin Determination . — 

1. Place plasma in water bath kept at a constant 38° C. temperature. 

2. In small tubes add 0.2 c.c. of thromboplastin. 

3. To thromboplastin add 0.1 c.c. of plasma. Start stop watch immedi- 
ately, using loop to determine when complete clot is formed'; record 
time of result. 

Proper prothrombin determination is very important as the entire suc- 
cess of the administration of dicumarol depends upon the accuracy 
of the technique. The Wisconsin Research Foundation specifically 
recommends the use of rabbit’s lung instead of rabbit’s brain in the 
■ preparation of thromboplastin. The activity of the thromboplastin 
preparation should always be tested on control blood before the daily 
prothrombin determination is done. 

DISCUSSION 

Prom .the experimental data, Table I, it can be seen that we treated 102 
surgical patients prophylactically -with dicumarol in an effort to prevent post- 
operative thrombosis and pulmonary embolus. Since the statistics show that 
this condition does not begin until approximately the sixth or seventh post- 
operative day, it was thought best to start the drug on the third to the fourth 


Table I. Prophtlactic Cases 


DIAGNOSIS 

NUMBER 

OF CASES 

AVERAGE 

TOTAL MG. 
PICUMAROL 

average 

NUMBER 

OP DAYS IN 
THERAPEUTIC 
RANGE 

Hernioplasty 

37 

800 

5 

Hysterectoiny 

19 

700 

6 

Appendectomy 

21 

700 

5 

Cholecystectomy 

3 

700 

4 

Laparotomy 

5 

700 

8 

Miscellaneous 

17 

700 

6 
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postoperative day. In this vay the prothrombin time Avas not prolonged at 
the time of operation, and a feAV days AA'ere pennitted to elapse postoperatively 
in order that healing might begin. That this time, namely the third or fourth 
postoperative day, Avas the most opportune day to administer the drug is shoAvn 
bj^ the fact that Ave found neither thrombotic phenomena nor po.stoperatiA'e 
bleeding. 

Tables II and III illustrate the typical eases of venous thrombosis and pul- 
monary embolism that occurred after 2,591 general surgical and obstetrical 
procedures carried out during this experimental period. Dicumarol carefully 
administered in these cases resulted in uniformly favorable results. The 
thrombophlebitis cleared up promptly and none of the pulmonary emboli caused 
fatal re.sults. 

Table II. Venous Theombosis 


DIAGNOSIS 


NUMBER 

OF cases 

AA-EBAGE 

TOTAL MG. 
DICUM.AEOL 

AATRAGE 
NUMBER 
or DAYS IN 
THERAPEUTIC 
RANGE 

Hysterectomy 


10 

840 

9 

Postpartum 


11 

000 

10 

Hernia 


.3 

850 

10 

Appendectomy 


2 

700 

10 

Gastric resection 


1 

600 

12 

Cholecystectomy 


1 

1,400 

22 

Lobectomy 


2 

600 

8 

Fracture of femur 


1 

1,400 

23 

Excision of tumor 





of leg 


1 

1,000 

19 

Amputation of leg 





(diabetic) 


1 

1,300 

25 

This latter observation 

is essentially important as it is Avell knoAvn that 20 

per cent of the minor emboli re.sult in death. Extreme care Ayas again obsenTd 

in the administration 

and 

control of dicumarol ; consequently, there Avere no 

complicating hemorrhages. 

In acute pulmonam- embolism it 

is proper to ad- 

minister heparin by vein and start dicumarol by mouth at the same time. This 

should be done because dicumarol has a 

tAventy-four to forty-eight hours’ 

latent period and it is 

important to haA'e the coagulation mechanism altered by 

the hepai’in Aintil dicumarol takes effect. 




Table III. Pulmonary Embolism 






aat:rage . 





NUMBER 




AVERAGE 

OF DAA'S IN 



NUMBER 

TOTAL MG. 

THERAPEUTIC 

DIAGNOSIS 


OF CASES 

DICUMAROL 

RANGE 

Hysterectomy 


4 

1,090 

15 

Oophorectomy 


1 

1,800 

17 

Hernia 


2 

1,700 

17 

Amputation of leg 


1 

2,100 

13 

Saphenous ligation 


1 

1,400 

13 


Heparin is put up in 10 c.c. vials. One Aual is mixed Avith a 500 c.c. saline 
infusion and gHen intraATnously at the rate of 20 drops per minute. The 
blood coagulation time is done CA^ery four hours by tbe tube method. The pur- 
pose of the heparin is to prolong the coagulation to three times its normal figure. 
If normal is five minutes it should be kept at fifteen minutes. This is regrr- 
lated by increasing or decreasing the rate of floAv of the heparin. When the 
infusion bottle is emptied it is refilled Ardth the same mixture, and' this proce- 
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dure is kept up as long as heparin is needed. When the dicuniarol administra- 
tion is considered to be effective, heparin is stopped. 

From our experience we feel that dicumarol is a safe means for preventing 
postoperative venous thrombosis and pulmonaiy embolism. Whether it should 
be used routinely is still a matter of debate. However, we are convinced that 
it should be given in all cases Avliere thrombotic complications are likely to arise. 
This will include extensive pelvic operations, operation for abdominal malig- 
nancy, and operations on individuals who have previously shown tendency to 
thrombosis. Naturally, it is the drug of choice when these conditions have 
developed. From our experience we would further recommend that each hos- 
pital intending to u.se this drug should designate one member of its staff to 
familiai'ize himself with the methods of administration and laboratory control. 
This would guard against harm to the patient and injury to the reputation of 
an excellent drug. 

CONCLUSION 

1. Dicumarol is of definite value in the prevention of postoperative venous 
thrombosis and pulmonary embolism. 

2. Dicumarol is the drug of choice in the treatment of thrombotic phe- 
nomena. 

3. Dicumarol is a safe drug if administered intelligently after careful 
prothrombin determination. 
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RETROGRADE ARTERIOGRAPHY IN THE STUDY OF THE 
ABDOmNAL AORTA AND ILIAC ARTERIES 

P. L. Farinas, M.D., Havana, Cuba 


T he pathology of the abdominal aorta has received little attention from the 
clinicians due to the fact that there was no practical method for its explo- 
ration. 


Plain radiographs may demonstrate calcification of the walls of the abdomi- 
nal aorta or its branches, and may show the presence of aneurysms if their 
walls are calcified; but when calcification is not present or is very slight, plain 
x-ray investigation is of no practical value. 

A method for the radiographic studj' of the abdominal circulation was 
described for the first time by Dos Santos in 1929. He proved the value of 
aortography in the study of a great number of pathologic conditions of the 
abdomen.* 


The difficulty of the technique of the aortography described by Dos Santos 
requiring blind puncture of the aorta was a stumbling block in the general- 
ization of this method which promised to be so valuable to the clinician. I 
tried to use Dos Santos’ method of “blind aortogi’aphy ’ ’ in the course of ex- 
periments in the treatment of cancer of the abdominal organs with certain 
substances that became fluorescent when exposed to x-rays. To avoid the diffi- 
culties that arose with Dos Santos’ method, I recommended the use of a new 
technique for the arteriographic study of the abdominal aorta which was pre- 
sented at the forty-first meeting of the American Roentgen Ray Society, Bos- 
ton, Mass.! This technique consists essentially in the puncture of the fem- 
oral artery at the level of Scarpa’s triangle with a trocar through which 
a rubber catheter is introduced and passed into the iliac artery up to the de- 
sired level in the aorta. Through this catheter 25 to 30 c.c. of a 70 per cent solu- 
tion of diodrast are injected at the rate of 5 c.c. per second. The trocar is then 
withdravm, a stitch placed in the adventitia of the artery, and the wound closed. 
Using the same injection, urograms are taken after the aortography. 

In view of the present difficulties to obtain rubber catheters, I was compelled 
to substitute the aortography by catheterization for the present “retrograde 
abdominal aortography.’’ In this method the femoral artery is exposed by blunt 
dissection, under local anesthesia, at the level of Scarpa’s triangle and punc- 
tured with a trocar 1.5 mm. in diameter. Through this trocar is injected 50 c.c. 
of a 70 per cent solution of diodrast in two and one-half to three seconds. Tourni- 
quets must be placed at the roots of both lower extremities in order to avoid 
the passage of the contrast medium into the arteries of the legs. The Trendelen- 
burg position may be required in certain cases. In experiments with dogs I was 
able to determine in the flouroseope that the opaque substance had to overcome 
first the inertia and then the blood pressure when it was injected. It reaches 


This work was done at the Cancer Institute with the collaboration of Dr. P. Jimenez 
Dr. Gomez Zaldivar. 
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a liigher level during diastole and descends during systole, entering then into 
the hranehcs of the abdominal aorta. To avoid ehangcs in pressure when the 
opaque substance is injected by hand, I have designed an apparatus to main- 
tain a constant pressure and rate of injection. It consists of a pump with a 
piston wliich acts upon llie embolus of the syringe. Tlie piston works by an 
air compressor with a regulator and a manometer (Fig. 1). 



Fig. 1. — Instruments required: One trocar 1.6 mm. in diameter, one 50 c.c. syringe, a 
flexible rubber tube to connect the trocar to the syringe, a pump with a piston that acts 
upon the embolus of the syringe. 

With a trocar 1.5 mm. in diameter and a constant pressure of fifteen 
pounds, it is possible to inject 25 c.c. of the opaque substance per second, the 
speed of injection being modified according to the blood pressure and the vas- 
cular condition of the patient. The first plate is taken when 40 c.c. of the 
opaque substance have been injected and a second immediately afterward, 
using a fast plate changer (Fig. 2.) When the injection is finished, the trocar 
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is TvithdraY-n, a stitcli placed in the adventitia of the artery at the site of the 
puncture, and the wound closed. The patient should be given a barbituric the 
night before, and morphine hjT)odermically one hour before the injection in 
order to obtain relaxation and avoid pain. 



Fig 2 — Patient placed 1} ins do\^ n on the plate changer. E\ er> thing is ready for the injection 

The pathologic changes of the abdominal aorta and of the iliac arteries can 
be studied by retrograde arteriography. Atheroma is the most frequent lesion 
that I have encountered in these arteries The characteristic picture produced 
by atheroma is due to loss of elasticity of the arteries leading to elongation and 
dilatation of the vessels, together with stenosis caused by lesions of the intima 
and secondary calcification. Atheroma is usually found in old age and the 
lesions are generally seen all along the vessels, being more prominent in the 
aortic cone and in the iliac arteries .(Fig. 3). 
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Arteriography allows ns to study any changes in contour present in both 
the aorta and iliac arteries clearly showing any slriclures or dilalalions present. 
Elongation of these vessels i)rodueos vascular kinking Dial leads to obliteration 
(Pig. 4). The size of the lumen of the artery and its course permits us to 



cj 


determine with great accuracy the actual degree of obstruction or calcification. 
In the presence of aneurj^sms of the abdominal aorta and iliac arteries, it 
is possible with this method to determine their localization, extension, the degree 
of permeability of the aneuiysmal sac, the presence of canalization due to oi’gani- 
zation of blood clots, and the degree of collateral circulation (Figs. 5 and 6). 
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With this procedure we can also study the characteristics of collateral 
circulation in cases of complete obstruction of the aortic cone. This collateral 
circulation takes place by the double anastomosis of the internal mammary with 
the epigastric artery and the circumflex iliac with the lumbar arteries, thus 
providing the blood irrigation of the inferior limb. 



Pig 7 — Complete obstruction of the cone of the aorta and iliac arteries due to advanced 
atheroma. Notice the two collateral arches ; the Internal, formed by the epigastric artery (e) 
and internal mamary (im), and the external by the circumflex iliac (c.t.) and the lumbar 
arteries ( 1 ). 

I have had no accidents with this method, even though I have used it in 
patients in very poor physical condition and with advanced arterial lesions. 

The pathologic changes in the visceral branches of the abdominal aorta 
will be presented in another paper. 


BODY FLUID AND PLAS]\'IA PROTEIN CHANGES FOLLOWING A 
SINGLE NONFATAL HEMORRHAGE IN HYPOPROTEINEMIC DOGS ’ 

Maynard P. Pride, M.D., Edward Muntwyler, Ph.D., Grace E. Griffin, M.S., 
Frederick R. ]\'Iautz, ]\I.D., and Lois Griffith, Cleveland, Ohio 

(From the Departments of Surgery and Biochemistry, School of Medicine, 

Western Deserve University J 

A n understanding of the pathologic physiology resulting from acute 
blood loss is of great importance in the management of medical and sur- 
gical patients. During recent j’cars renewed interest has become manifest 
in this subject. In the past the attention of the clinician has been directed 
principally at the restoration of blood cells and hemoglobin following acute 
hemorrhage. However, recent studies indicate that restoration of plasma volume 
and restoration of total circulating plasma proteins are equally if not more 
impoxdant phenomena since these processes help to re-establish the hemodynamics 
of the peripheral circulation so that any hemoglobin that maj' remain can cany 
out its function of transporting oxygen to the tis.sues. 

The results of studies dealing with experimental hypoprotcinemia and 
plasma protein regeneration suggest that there might be a marked difference in 
the recovery of normal and hj'poproteinemic individuals from an acute hemor- 
rhage. Thus, if attention is limited to the changes of the plasma volume and 
the plasma protein concenti'ation which have been found to occur following a 
single nonfatal hemorrhage jn normal dogs^'® and man,®’ it would appear that 
there is a prompt, but gradual, inflow of fluid and plasma protein into the 
circulation. The initial increase of plasma volume is apparentl}’’ the result of the 
addition of fluid relatively low in protein and in from several hours to some 
seventy houi’s the plasma volume may be found to exceed the control level. In 
general, it has been found that the plasma protein (albumin) is restored more 
slowly than the plasma volume and may still be incomplete at the end of several 
days. Since there is evidence^® that after hemorrhage the blood volume is not 
restored to normal until new plasma protein has been added to the circulation, 
the present study was carried out in order to compai'e the spontaneous recoverj'^ 
of normal and hypoproteinemic animals from a single severe nonfatal hemor- 
rhage. 

METHODS AND CALCUL.\TIONS 

Young adult dogs were used in this study and were placed on a constant 
diet^ for at least seven days before the experiments were undertaken. Hypo- 
proteinemia was then induced in one group of animals by feeding a diet low 
in protein for a period of four weeks. 

The animals Avere bled 25 per cent of the measured blood volume (estimated 
from the plasma volume and the hematocrit) without anesthesia, by direct 
puncture of the femoral artery. Food Aims Avithheld for the previous 24 hours 
and no food or Avater Avas alloAved for 24 hours after the hemorrhage. -After 
the 24-hour period the animals Avere again given the respective diets received 

Aided by a grant from the John and Mary R. Markle Foundation. 
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before the hemorrhage. One group of the normal and hypoproteincniie dogs -was 
studied before and 4 hours after the licmorrhage. A second group of dogs was 
studied before and 24 hours after the bleeding. Both groups of dogs ^Yere then 
studied again from 96 to 120 hours after the hemorrhage. 

The following determinations were carried out in the control and experi- 
mental periods: the plasma volume, the “available (thiocyanate) volume,” 
the total plasma protein and ])lasma albumin concentrations, and the hematocrit. 
The methods of determination were the same as those employed in a ])rcvious 
paper.” 

The total circulating plasma protein and total circulating plasma albumin 
were calculated by multiplying the plasma volume in cubic centimeters by the 
grams of protein per cubic centimeter. The amounts of total plasma protein 
and plasma albumin removed from the circulation bj-- the bleeding and by 
the withdrawal of blood for the chemical detenninations were estimated bj'" 
multiplying the volume of plasma withdrawn (c.c. whole blood withdrawn x 

~ cubic centimetors by the grams of plasma protein or plasma 

albumin per cubic centimeter. The amounts of total plasma protein and plasma 
albumin restored during the given test period were obtained by deducting from 
the grams of total plasma protein and plasma albumin removed, the differences 
of the measured amounts (control and experimental values) of total cii’culating 
plasma protein and total circulating plasma albumin, respectively. 


EXPERIMENTjVL 

The average blood changes which were encountered in normal and hypo- 
proteinemic dogs in 4 houi-s, 24 houi’s, and in 96 to 120 hours folloAving a single 
nonfatal hemorrhage have been presented in Tables I to III. 

Changes of the Plasma Volume and ‘^Available (Thiocyanate) Volume .” — 
Prom the data presented in Table I it will be seen that in normal dogs 4 hour’s 
following a loss of blood amounting to 25 per cent of the contx’ol blood volume, 
there were decreases of the average plasma volume and “available (thiocyanate) 
Yoliime” levels. In 24 hours after the bleeding (Table II) the average plasma 
volume was found to approach the average control level while the average 
“available (thiocyanate) volume” remained reduced. When the animals were 
allowed food and water following the 24-hour period and obsei’ved again in 

Table 1. Average Blood Changes Four Hours After a Single Nonfatal Hemorrhage 
IN Normal and Hypoproteinemic Dogs* 


NORMAL DOGS 

(4) 


HYPOPROTEINEMIC 
DOGS (3) 


Body weight (kg.) 

Plasma withdrawn (c.c.) 

Hematocrit (per cent) 

Plasma volume (c.c.) 

Thiocyanate volume (c.c.) 

Total plasma protein (Gm. per 100 c.c.) 
Plasma albumin (Gm. per 100 c.c.) 

Total circulating plasma protein (Gm.) 
Circulating plasma albumin (Gm.) 

Total plasma protein removed (Gm.) 
Total plasma albumin removed (Gm.) 
Total plasma protein restored (Gm.)t 
Plasma albumin restored (Gm.) t 


CONTROL 1 

[ 4 HOURS 

1 CONTROL ] 

! 4 HOURS 

12.3 


9.2 


151 


130 


40.8 

34.9 

38.0 

33.7 

565 

505 

492 

441 

3,730 

3,590 

3,620 

3,150 

6.17 

5.46 

4.31 

3.81 

3.49 

3.15 

2.07 

1.90 

34.9 

27.8 

21.3 

16.9 

19.6 

15.7 

10.2 

8.5 

9.4 


5.0 


5.3 


2.7 



2.3 


1.2 


1.4 


I.O 


•Twenty-five per cent o£ the measured blood volume drawn. The numbers within the 
parentheses indicate the number of animals. 

tThe values were obtained by deducUng from Uie grams of total plasma protein and 
albumin removed the lifferSces of the measured amounts of total circulating plasma protein 
total circulating: plasma albumin, respectively* 
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Table n. Average Blood Changes Twenty-Four Hours After a Single Nonpatal Hem- 
orrhage IN Normal and Hypoproteinemic Bogs* 



NORMAL dogs 

(4) _ 1 

HYPOPROTEINEMIC 
DOGS (3) 



1 CONTROL 1 

24 HOURS 

Body weight (kg.) 

12.5 

11.8 

11.4 

10.3 

plasma withdrawn (c.c.) 

144 


144 


Hematocrit (per cent) 

43.9 

35.2 

37.9 

31.0 

Plasma volume (c.c.) 

540 

538 

550 

515 

Thiocyanate volume (c.c.) 

3,600 

3,400 

3,820 

3,470 

Total plasma protein (Gm. per 100 c.c.) 

5.91 

5.51 

4.37 

4,02 

Plasma albumin (Gm. per 100 c.c.) 

3.17 

3.09 

1.81 

1.70 

Total circulating plasma protein (Gm.) 

32.1 

30.0 

24.4 

20,7 

Circulating plasma albumin (Gm.) 

17.0 

16.3 

10.0 

8,8 

Total plasma protein removed (Gm.) 

8.5 


0.3 


Total plasma albumin removed (Gm.) 

4.0 


2.0 


Total plasma protein restored (Gm.)t 


0.3 


2.7 

Plasma albumin restored (Gm.)t 


3-8 


1.4 


•See footnote to Table 1. 
tSee footnote to Table I. 


from 96 to 120 houis after the hemoiu-Jiage, ttie average plasma volume and 
“available (thiocyanate) volume” levels (Table III) were found to he in excess 
of the average control values. 


It will be noted that following a nonfatal hemorrhage in normal dogs the 
restoration of the plasma volume apparently proceeds promptly. At the end 
of 4 hours (Table I) the fluid entering the circulation represented, on the 
average, 60 per cent and at the end of 24 hours (Table II), 94 per cent of the 
plasma withdraAvn. Since no fluid replacement (orally or by vein) Avas in- 
stituted during the latter periods, the fluid entering the circulation represented 
a redistribution of body water. Although a true evaluation of the changes of 
the “available (thiocyanate) volume” is difficult, the direction of the changes 
supports the belief that the fluid entering the plasma Avas derived chiefly from 
the interstitial spaces. 


The changes of the plasma volume and “available (thiocyanate) volume” 
which Avere encountered following the hemorrhage in the hypoproteinemic 
animals are of considerable interest. As in the normal dogs- treated in the 
same manner, there Avas evidence of an equally prompt but gradual addition 
of fluid to the plasma, which Avas associated Avith a fall of the “available (thio- 
cyanate) volume” level. Thus, at the end of 4 hours (Table I) the fluid enter- 
ing the circulation represented, on the average, about 60 per cent and at the end 
of 24 hours (Table II), 76 per cent of the plasma Avithdraivn. Observations 
which were made 96 to 120 hours after hemoxT’hage (Table III) revealed that 
the average plasma volume and “available (thiocyanate) volume” levels had 
returned to the respective average control values. 

Ghanges of the Plasma Protein Concentration and the Hematocrit . — ^From 
a perusal of the data presented in the tables it Avill be noted that there Avere 
some similarities in the tAvo groups of animals AAuth respect to the directions of 
the average changes of the total plasma protein and plasma albumin concen- 
trations and the hematocrit. Thus, in both the normal and the hypoproteinemic 
animals, decreases of the average values for the total plasma protein and plasma 
albumin concentrations and the hematocrit were obtained 4 houi-s and 24 hours 
follovdng the hemorrhage (Tables I and II). Further, deficits of these con- 
stituents from the average control levels still persisted 96 to 120 hours after the 
hemorrhage (Table III). If the percentage changes from the respective contro 
levels are considered, it wiU be found that the per cent deficit of the average 
hematocrit was greater than the per cent deficits for the total plasma protein 
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Table III. Average Blood Cuanges 96 to 120 Hours After a Single Nonfatal Hemor- 
rhage IN Normal and Hytoproteinemic Dogs* 



NORJtAL 

DOGS (0) 

HYPOPROTEINEMIC 
DOGS (0) 

CONTROL 

AFTER 

90-120 

HOURS 

CONTROL 

AFTER 

90-120 

HOURS 

Body weight (kg.) 

12.3 

12.0 

10.3 

9.9 

Plasma Avithdrawn (c.c.) 

170 


103 


Hematocrit (per cent) 

41.8 

32.0 

37.9 

29.0 

Plasma volume (c.c.) 

508 

031 

521 

539 

Thiocyanate volume (c.c.) 

.3,740 

3,900 

.3,720 

3,730 

Total plasma protein (Gm. per 100 c.c.) 

6.01 

5.01 

4.34 

3.99 

Plasma albumin (Gm. per 100 c.c.) 

3.24 

3.10 

1.94 

1.75 

Total circulating plasma protein (Gm.) 

34.1 

35.5 

22.9 

21.7 

Circulating plasma albunun (Gm.) 

18.3 

19.5 

10.1 

9.4 

Total plasma protein remoA’od (Gm.) 

10.0 


7.1 


Total plasma albumin removed (Gm.) 

5.7 


3.2 


Total plasma protein restored (Gm.)t 


11.8 


5.8 

Plasma albumin restored (Gm.)t 


7.0 


2.5 


•See footnote to Table I. 
tSee footnote to Table I. 


aud plasma albumin coneentratious. This observation can be taken to indicate 
that some protein had entered the plasma during the period of observation. In 
addition, the per cent fall of the average hematocrit Avas found to be the lowest 
at 4 hours after the hemorrhage and the greatest at the end of the 96- to 120-hour 
period. On the basis of the hematocrit change, therefore, it can be inferred that 
there Avas a progressive blood dilution during the period of obseiwation, which 
supports the findings for the plasma volume previously noted. 

Plasma Protein Regeneration . — The differences betAveen the measured 
amounts of total circulating plasma protein on the one hand and total circulating 
plasma albumin on the other, deducted from the respective amounts of total 
plasma protein and plasma albumin removed as the result of the bleeding, were 
taken to represent the amounts of total protein and albumin Avhich had entered 
the plasma during the given test periods. Thus, from the data presented in Table 
I it will be seen that Avith the bleeding of the normal dogs, an average of 9.4 
Gni. of total plasma protein and an average of 5.3 Gm. of plasma albumin were 
removed. Further, in 4 hours after the hemorrhage, on the average, 2.3 Gm. of 
total protein and 1.4 Gm. of albumin had been added to the plasma. In other 
words, about 24 per cent of the average total plasma protein and about 26 per 
cent of the average albumin removed from the plasma as the result of the 
hemorrhage Avere restored in 4 hours. Similarly, in 24 hours after the hemor- 
rhage (Table II) normal dogs Avere found to have added an average of 6.3 Gm. 
of total protein (about 74 per cent of the total protein removed) and an average 
of 3.8 Gm. of albumin (about 83 per cent of the albumin removed) to the 
plasma. When the observations were carried out 96 to 120 hours after the 
hemorrhage (Table III), and the animals alloAved a normal diet beginning at the 
end of the 24-hour period, the amounts of total protein and albumin added 
to the plasma were found to exceed the amounts removed by the bleeding. 

A similar analysis of the data obtained on the hypoproteinemic animals 
revealed that even in the presence of body protein depletion some protein entered 
the plasma folloAving a single nonfatal hemorrhage. Thus, from Table I it AviU 
be seen that in 4 hours after the hemorrhage, on the average, 1.2 Gm. of total 
protein and 1.0 Gm. of albumin had been added to the plasma. These figures 
I’cpresented a restoration of about 21 and 37 per cent, respectively, of the total 
plasma protein and plasma albumin removed by tlie bleeding. Similarly, in 
24 hours after the hemorrhage (Table II) the hypoproteinemic , animals Avere 
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found to have added, on the average, 2.7 Gni. of total protein (representing about 
43 per cent of the total protein removed) and 1.4 Gm. of albumin (amounting 
to about 54 per cent of the albumin removed) to the plasma. Wlien the animals 
were again allowed the low protein diet at the end of the 24-hour period and the 
observations repeated 96 to 120 liours after the hemorrhage (Table III) it was 
found that some additional protein had entered the plasma. Thus, it will be 
seen that during the period, on the average, 5.8 Gm. of total protein (about 82 
per cent of the total plasma protein removed) and 2.5 Gm. of albumin (about 
78 per cent of the alliumin removed) had been added to the plasma. 

DKCUSSION 

The data herein reported offer further support to the findings of other 
worker’s^'® that following a single nonfatal hemorrhage in normal dogs there is 
a prompt, but gradual, restoration of the plasma volume and of the total amount 
of circulating plasma protein. In the present experiments no nitrogen or fluid 
replacement (orally or intravenously) was instituted for a period of 24 hours 
after the hemorrhage. During a 4-hour interval in normal dogs the plasma 
was found to have regained, on the average, 60 per cent of the volume, 24 per 
cent of the total plasma protein, and 26 per cent of the plasma albumin lost 
by hemorrhage. Similarly, during a 24-hour period the plasma was found to 
have regained 94 per cent of the volume, 74 per cent of the total plasma protein, 
and 83 per cent of the plasma albumin lost by the bleeding. These figures sup- 
port the view that the initial increase in plasma volume is due to the addition 
of fluid relatively low in protein and that albumin and globulin are restored at 
approximately the same rate. It should be pointed out that under similar experi- 
mental conditions. Pine, Fischmann, and Prank^ found in a 4-hour period nor- 
mal dogs regained, on the average, 53 per cent of the plasma volume and 30 per 
cent of the plasma protein lost by hemorrhage. 

The data obtained with the hypoproteinemie animals, which were studied in 
identically the same manner as the normal dogs, are of some interest. Ap- 
parently, despite a state of protein depletion as evidenced by the reduced con- 
trol plasma albumin concentration, the plasma regained during a 4-hour period, 
on the average, 60 per cent of the volume, 21 per cent of the total protein, and 
37 per cent of the albumin lost by the hemorrhage. During a 24-hour period, the 
plasma regained, on the average, 76 per cent of the volume, 43 per cent of the 
total protein, and 54 per cent of the albumin lost. Whereas, on the average, 
the plasma volume was completely restored during a succeeding period of several 
days when the animals were allowed the low protein diet, the plasma protein 
restoration remained incomplete. The source of the protein which apparently 
was added to the plasma is not clear, since in these animals the stores of ready 
available protein were presumably depleted. 

SUMMARY 

Determinations of the plasma volume, “available (thiocyanate) volume,^ 
total plasma protein and plasma albumin concentrations, and hematocrit were 
carried out in normal and h 3 ’poproteinemic dogs before and following a single 
nonfatal hemorrhage (25 per cent of the measured blood volmne). No nitrogen 
or fluid replacement was instituted for a period of 24 hours after the hemor- 
rhage. The pertinent findings may be briefly summarized as follows: 

1. Following a single nonfatal hemorrhage in normal dogs there was found 
to be a prompt, but gradual, restoration of the plasma volume and of the tota 
amount of circulating plasma proteins. After the animals had resumed a 
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noraial diet for several days tlie average levels for the plasma volume and tlie 
total eirculating plasma proteins were found to exceed the average control 
values. 

2. In normal dogs the initial increase in plasma volume was found to be due 
to the addition of fluid relatively low in protein. During a 4-hour interval, the 
plasma was found to have regained, on the average, 60 per cent of the volume, 
24 per cent of the total protein, and 26 per cent of the albumin lost by the 
hemorrhage. 

3. The initial increase of plasma volume following hemorrhage was found to 
be associated with a faU of the “available (thiocyanate) volume.” The direction 
of these changes, when no fluid replacement was instituted, was taken to indicate 
that the fluid entering the plasma was derived chieflj’’ from the interstitial 
spaces. 

4. The plasma volume was found to increase promptly following a single 
nonfatal hemorrhage in hj-poproteinemic dogs. Observations which were made 
4 hours and 24 hours after the hemorrhage indicated that some protein had been 
added to the plasma. Even though the average plasma volume returned to the 
control level, after the animals had resumed a low protein diet for several days, 
plasma protein restoration was incomplete. 

5. Despite the fact that the animals were in a state of protein depletion, the 
plasma regained during a 4-hour period, on the average, 60 per cent of the 
volume, 21 per cent of the total protein, and 37 per cent of the albumin lost by 
the hemorrhage. The source of this protein was not apparent. 
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INTERSCAPULOTHORACIC DISARTICULATION OF THE ARM 


Jacob K. Berman, M.D., Indianapolis, Ind. 

(From the Department of Surgery, Indiana University School of Medicine) 

I NTERSCAPULOTHORACIC disarticulation is a term used to denote the 
removal of the entire arm and shoulder. This includes the scapula, the outer 
two-thirds of the clavicle, and all attached muscles and fasciae. 

The operation was first done hy Ralph Cumming of the Royal Navy in 
1808. Dixie Ci’osby of New Hampshire introduced it in America in 1836. Paul 
Berger of France wrote an exhaustive monograph on the subject in 1887 and 
gave the operation its present name. The older books of surgery describe it 
accurately; however, modezm texts deimte very little space to it, because they 
aver it is too radical and is rarely indicated. It is our purpose in this paper 
to define the indications for the procedure, to describe its technique, and to 
call attention to the importance of this old operation under modern diagnostic 
and surgical methods. 

According to Pack and associates there were twenty-nine recorded inter- 
scapulothoracie amputations until 1881, the pre-Listerian era, ^vith an opera- 
tive mortality of 38 per cent. Berger reduced this to 10.4 per cent. Buchanan 
analyzed the 141 reported operations up to 1900. Pack and his associates 
studied an additional 180 reported eases and added 31 of their OAvn. We there- 
fore have a record of 381 patients upon whom the operation has been per- 
formed to date. Undoubtedly this is but a small fraction of the actual number 
done. In Buchanan’s group the mortality of the operation was 11.3 per cent. 
In the collected series of Pack and his co-workers it was 5 per cent and in 
their own 31 cases there was none. AVe are reporting an additional 5 cases 
without operative mortality. In tabulating our findings we have followed the 
outline suggested in previous studies so that pertinent data may be assembled 
in a uniform manner. 


INDICATIONS FOR THE OPERATION 

Interscapulothoracic disarticulation is indicated in the treatment of the 
following conditions; 

Soft tissues 

1. All carcinomas of the hand or forearm or arm with metastases 
to the axilla as determined by Ijunph node biopsy 

2. All proved carcinomas of the arm involving the humerus or 
shoulder joint, or any of the shoulder muscles 

3. Axillary tumors adherent to the vessels and nerves, which can- 
not be excised locally 

4. Extensive trauma which is irreparable 

5. Large ulcerating, infected, and painful axillary giwvths even 
though metastases are present; pain alone in neoplasms with metas- 
tases not an indication ; can be remedied by chordotomy or posterior 
rhizotomy 

Presented at the Fifty-Second Annual Meeting- of the W^estorn Surgical Associatio 
Chicago, in., Dec. 1 and 2, 1844. 
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Bone 

1. Snrcoiiijis of the liuinorus clavicle or scapula 

2. Usually though not invariably sarcoma of the forearm 

i\[os( patients included in these groups have had local excisions or less 
radical amputations. 11 vonld he well to consider this procedure as the treat- 
ment of choice at llic outset. This would greatly enhance its curatiAT possi- 
bilities. 

JIKKITS OF THE OPERATION 

. The operation is avcII conceived. It permits a correct anatomic approach 
and a complete excision of the morbid anatomy. The blood supply is controlled 
fii’st. This is a fundamental i)rineiple in any cxlirjjative procedure because it 
reduces operative bleeding. j\roreover, in this instance it prevents Ijlood stream 
dissemination Avhich may result from the loosening of neoplastic cells which have 
invaded llie veins. For this reason wo olamj) tlie artery, then tie the vein with- 
out raising the arm to empty it of blood. Litllewood’s method of interscapulo- 
thoracie disarticulation is by a posterior approach. It may be useful in very 
obese patients or in those witii large tumors in front. 

The di.sartieulation permits the complete e.xcision of all anatomic Ijnnphatics 
and lymph nodes, all related muscular and f.ascial planes, and all involved axil- 
lary tissue, together Avith the related bones. This may be done as a unit opera- 
tion AA’ith less blood loss than in a radical mastectomy. The sldn flaps are usually 
adequate so that skin grafts are ordinarily unnecessary. 

The mortality rate of this radical operation is no greater than for ordinar.A’' 
amputations of the upper arm. Tlierefore, aside from the disfigurement and in- 
convenience produced, there are no objections to its use. Certainly these are 
inconsequential objections, Avhen compared AAuth the additional chances for cure. 
If a portion of the arm must be remoA’ed, then the inconvenience is not much 
greater and the disfigurement, though unsiglitly, may be rectified hy proper 
shoulder pads. 

TECHNIQUE 

Our method is essentially that of Bei'ger Avilh slight modifications of Amrious 
authors, including our oAvn. 

Ether anesthesia by the open-drop method is employed. The patient is 
placed on the edge of the table Avith sandbags under the ipsolateral vertebral 
margin. The arm, chest, neck, and back are surgically prepared and the fore- 
arm is covered Avith sterile toAvels Avhich are held by a sterile bandage so that 
the extremity may be moved in aiiy direction. 

The primary incision is made parallel Avith and directly over the claAdele 
(Pig. 1). The sternocleidomastoid muscle is partially divided from its clavicu- 
lar origin and the lateral tAVO-tliirds of the claAucle are subperiosteally re- 
sected. (Berger suggested the middle third, Le Conte the entire clavicle.) Bj^ 
inserting the finger beneath the pectoralis major, the operator may safely sepa- 
rate this muscle from its claAdcular attachment. Here the cephalic A^ein is tied 
and divided. The subelavius muscle and the OA'erlying periosteum are diAuded 
transversely in line Avith the medial edge of the diAuded clavicle and reflected 
laterally (Pig. 2). The anterior incision is eai-ried doAvnAvard medial to the 
coracoid process (Kocher). Care must be taken not to injure the dome of the 
plem-a on either side and the thoracic duct on the left. 

With this exposure the Avascular supply may be clearlj’- identified and con- 
trolled. The transverse scapular and transA'erse cerAucal Amins are tied and 
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divided before tbeir junction with the external jugular'. Next the transverse 
scapular (suprascapular) artery, a branch of the thyrocervical trunk, is di- 
vided between ligatures. It lies anterior to the subclavian artery and is sepa- 
rated from it by a process of the deep cervical fascia which binds the tendon 
of the posterior belly of the omohyoid muscle to the scapula and first rib. 



1. — Lines of incisions for interscapulotUoracic disarticulation. The numbers indicate the 
order in which tlie dissections are made. 



Fis- 2.— ■UiaBram illustrating the anatomy of the subcutaneous structures. 
ir, tlip nerlosteum of the clavicle; 2, division of sternomastoid muscle from its cjawcu 
S "Sbpereosteai removal of the lateral two-thirds of the clavicle; 4, separation of 
Sec?oralls mijor muscle from the clavicle; 5 , severance and ater^ reflection of the subcla 
and^ Fte overling periosteum in line with medial edge of divided clavicle. 
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When this niuselc is traced iipn-ard, the transverse cervical artery (another 
branch of the thyrocervical trunk) is encountered medial to this muscle. It 
is tied and divided. The artery usually divides into an ascending (superficial 
cervical) and descending (posterior scapular) branch vlien it reaches the 
anterior border of the trapezius. Occasionally the ascending branch arises 
from the thyrocervical trunk whereas Ihe descending branch comes directly 
from the third portion of the subclavian. In Ibis case the former is called the 
superficial cervical artery, Avhereas the latter is termed the transverse cervical 
artery. It is this branch which is divided between ligatures in such anomalies 
(Fig. 3). 

The subclavian vein lies anterior and slightly inferior to the artery. It is 
carefully dissected loose from the artery, Avhieh is clamped. The vein is ti’iplj^ 
tied Avith heavj* silk and divided betAveen the tAvo lateral transfixed ligatures 
(Fig. 4). The artery is then tied Avith a simple ligature. Lateral to this, 
tAvo transfixed ties are introduced and the A'cssel is divided betAveen them. 



3 — ^Diagram of the deep anatomy. The transverse ceivical and transverse scapular 
arteiies and veins have been di\ided between ligatures 


Up to this point the arm has not been moved because of the possibility 
of dislodging malignant cells by the manipulation. It is usually recommended 
that the arm should be elevated and all blood drained. We feel that it is better. to 
lose the small amount of retained blood than to risk the dislodgment of neo- 
plastic cells. 

The anterior incision is carried doAVUAvard along the pectorodeltoid groove 
to the npper axilla Avhere it is continued posteriorly. The skin flaps are 
mobilized and the peetoralis major and minor and serratus anterior muscles 
are divided from their attachments to the ribs. The nerves of the brachial 
plexus are tied and divided Avith a sharp knife. They are not injected Avith 95 
per cent alcohol. We have found that the incidence of amputation neuroma 
is not reduced by this procedure and phantom pain is more apt to occur. 

The arm is noAV held across the body and the posterior incision is made 
along the borders of the scapula. The muscles divided beginning above the 
acromion process are the trapezius, omohyoid, levator scapulae, rhomboideus 



260 


fJURGKRY 


minor and major, and latissimus dorsi. The teres major and minor, suh- 
scapularis, supra- and infraspinatus are removed with the arm (Fig. 5). 

Skin flaps are brought together Avithout tension. One small Penrose drain 
is inserted through a stab Avound in the dependent flap. All of our Avounds have 
healed per primam. 



Fig. 4 . — aiethod of vascular control : tlie subclavian arterj' has been clamped, tlie vein 
Is tied with large silk lig'atures. J, A simple tie; S and J, transfixed ligatures. The sub- 
claxian arterj' is then handled In a similar manner. 



Pie 5 ^Line of posterior Incision. The arm has been mo\ ed across the chest displacing 

^ scapula laterallj'. 
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Blood loss in lliis procedure is surpi’isingly small. Tlic operation is well 
bonie with a minimum degree of shock. Patients may sit up in bed within 
twelve hours and in a chair in twenty-four hours. 

COJIPLICATIOXS AND SKQUnLAi: 

Hemorrliage may occur due to tearing of the vein at opei-ation, slipping 
of a ligature, or erosion by a malignancy which when removed leaA’Cs a hole or 
a devitalized area in the vessels. We have not encountered such complications. 
Pack and his associates reported a ca.se in Avhich the .subclavian vein Avas acci- 
dentally opened and air audibly aspirated into the vein, llemorrhage Avas 
great but Avas controlled by compressing the vein Avitli a finger against the 
first rib. Tlie patient developed the symptoms of shock; he Avas given a blood 
transfusion and recovered. Tiie danger of air embolism is real, but is prob- 
ably exaggerated except in the pulmonary A'eins. In this instance the bolus 
of air is carried directly to the left heart Avhere it may easily be sent to the 
brain, producing an immediate fatality. In the rest of the A-enous system the 
air is carried to the lungs Avhere it is less apt to cause serious effects although 
these have been reported. It must require a large amount of air or a peeuliar 
set of circumstances to produce any alarming results. 



Fiff. 6. — Clinical photograph (J. B.) showing large carcinoma of right hand There had been 
previous attempts at lemoval. Axillary metastases were present. 

Shock may result from the operation, but if the patient is properly pre- 
pared this should not occur even in old people. 

“Phantom limb’’ Avith slight pain Avas obsei’A'^ed in one of our patients 
(W. C.) This persisted for fourteen months but has noAv disappeared. The 
pain was referred chiefly to the dorsum of the hand. This Avas the site of the 
large and painful carcinoma (Fig. 7). Amputation neuroma Avith severe pain 
occurred in another patient (B. S.). The dmded nerves had been injected 
Avith 95 per cent alcohol after ligature. Pain persisted during the remainder 
of the patient’s life, a period of tAvelAm months. Since local injection of pro- 
caine into the neuroma did not benefit the patient, excision of the lesion Avas 
not attempted. These pains may be due to local irritation of end bulb neu- 
romas or a projection from the sensory areas in the eerebral cortex. The best 
prophylaxis is, first and foremost, as little handling of the brachial plexus as 
possible. Second, diAusion of the nerAm trunks Avith a sharp scalpel at a high 
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level so that they will not be caught in the granulation tissue and scar of the 
wounds. 

If “phanfom limb” is due to the per.sistcncc of preoperativc pain at the 
site of the primary growth, Ihen early operation .should be helpful. The cause 
of these pains is not definitely known and the large array of operative pro- 
cedures offered for their cure is proof of this fact. 

K 



Piff. 7. — Clinical photograph (W. C.) : recurrent carcinoma of left hand. 



Pig. 8. — Ajxillary lymph node photomicrograph (W. C.) ; note complete replacement of lymphoid 
tissue by carcinoma cells and epithelial pearls. 


RESULTS AND CONCLUSIONS 

A summary of our cases is given in Table I. Our series is too small to draw 
any definite conclusions. It is also difficult to evaluate the larger series of 
Buchanan prior to 1900 because of possible erroi-s in diagnosis. 

The 31 cases reported by Pack and liis associates are clearly presented. We 
feel that future studies should be summarized in like fashion so that accurate 
statistics may be gathered. 
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From the experience of othei-s and from our own observations we liav.o 
drawn the following conclusions. 

1. The operation may be safely done. 

2. It may be done at any age. The youngest was 12, tlic oldest 74 , average 
48 years. 

3. Soft tissue growths gave hotter results than lesions in hone. The former 
were in the older group and were carcinomas. 

4. Symptoms wci'e present from eleven months to three years. Average 
duration was fifteen and one-half months. 

5. All patients had biopsies hefoi’c o])cration. Pour had one or more at- 
tempts at local extirpation. 

6. Lym]ih nodes with mctastascs wore present in the two eases of sfpiamous- 
eell carcinoma. j\rcta.stascs could not he demonstrated by x-ray in the eases of 
sarcoma at the time of operation (Pig. 7). 



11 — Chnical photograph (J. B ) showing scar ten days after operation. The wound has 

healed by first intention 

7. X-raj^ treatment was used preoperatively in four of our patients and 
postoperatively in one. The two surviving patients received preoperative x-ray 
therapy only. The value of this is unsettled although we feel that it should be 
used preoperativelj’^ Avitli the idea that it may lessen the chance for metastasis 
and local recurrence. In radiosensitive or infected grondhs it may reduce their 
size, thereby facilitating complete extirpation. 

8. None of our patients had local recurrences Tlie three deaths occurred 
from internal metastases. Tliej^ were all patients with sarcoma. 

9. The surviving patients are two men with squamous-cell carcinoma of 
the hand and axillary node metastasis, one, aged 67 years, alive and apparently 
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well nineteen months and the other, aged 74 years, alive and well eighteen 
months after the operation. 

10. The end results of interscapiilothoracic disarticulation are encouraging. 
Available statistics though meager prove that the operation offers a chance for 
cure in cases ordinarily considered hopeless. 
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LATER Alj CER.VICAL (BRANCHIAL) CYSTS AND FISTULAS 

, A Clixic.vi, AMD Pathologic Study^ 

Harry B. Neel, M.D.,t and John deJ. Pemberton, I\I.D.,|: Rochester, Minn. 

T he great variety of lesions which maj"- occur, tlie difficultj’- in differential 
diagnosis, and the hazards of operative procedures in a field compact ■with 
important and vital anatomic structures make cervical lesions worthj’- of study. 
Interest in cenucal lesions has been stimulated by tlie controversy concerning 
the origin of many of the congenital cj'Sts and sinuses of the neck. This con- 
troversy has made the embryologic development important in the study of 
these lesions. 

If the etiology of congenital lesions of the neck were undei’stood com- 
pletely, the teminology could be placed on a less confusing basis. In 1832, 
-A.scherson^ thought he recognized a close relation of the branchial apparatus 
to the cysts and sinuses which appear on the lateral surface of the neck anterior 
to the sternomastoid muscle. .In 1864, Heusinger- introduced the term “bran- 
chial fistula.” Senn,® in 1884, wrote that the terms previously used to designate ^ 
these tumors were “branchial cysts, dermoid ej'sts of the sheath of the internal 
jugular vein, deep-seated atheromatous tumors, tumors of branchial clefts, 
hydrocele colli congenita, hygroma colli and atheromatous cysts of lymphatic 
glands.” Senn considered the designation of them as “branchial cysts” as 
the most appropriate. 

In 1912, WenglowskP questioned Avhether these cysts and sinuses originated 
from the branchial apparatus. Frazer® objected to use of the -word “branchial” 
because he said these abnormalities were not of branchial origin and "^liad 
nothing to do with the branchiae. In order to avoid commitment to a theory ■ 
of origin, many observers have begun to classify these lesions as lateral cervical 
cysts and sinuses. Frazer preferred to designate them as “vestigial” and 
there is little doubt but that his term is a most appropriate one. In this study 
the various terms ■will be used interchangeablj!- wuth no implication as to etiology. 

It is felt that “branchial” has been used so extensively in the literature and 
has been so well fixed in the minds of medical men that an attempt to discon- 
tinue its use will result only in confusion. 

Matas,® Senn,® Christopher,’' Carp and Stout,® Hy'ndman and Light,® 
Bailey,’®”® Baumgai-tner’®’ and others have made excellent contributions to 
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the clinical aspects of this subject and innumerable cases have been reported 
in the literature. Data on a large series of eases fi-om one source have never 
been reported, however, so it seemed appropriate to analyze and study the 
cases in which operation was performed at the Mayo Clinic, for, as Baum- 
gartner^^ has noted, “a fundamental knowledge of the subject is not generally 
held.” 

EMBRYOLOGY OF 'THE STRUCTURES OF THE NECK 


In the second week of intrauterine life, five depressions occur in each 
lateral wmU of the primitive phar.^mx. These depx’essions or outward projec- 
tions are knoMOi as the pharyngeal pouches and are lined by the pharjmgeal 
entoderm. Concomitant with the outpouching of the pharyngeal entoderm, 
five indentations appear in the ectoderm. These indentations have been de- 
signated the “branchial or pharjmgeal grooves.” Each pouch is opposed by 
the corresponding groove so that entoderm and ectoderm are in apposition. 
The mesoderm is pushed aside bj' the encroaching ectoderm and entoderm with 
the result that five or six bars or arches make their appearancq. In fish these 
arches are separated b}' clefts but in man only the pouches and grooves inter- 
vene. Each arch contains a basis of cartilage, a vascular arch, nerves, and 
muscle elements. 


The first and second arches are the mandibular and hyoid arches. They 
grow more rapidly than their companion arches and override the latter in a 
telescoping process ; the second arch comes in contact with the body wall behind 
the fifth groove and covers the second, third, and fourth grooves. The space 
thus formed is known as the cervical sinus. It is an enclosed pocket of ectoderm 
which normally disappears during the second month of intrauterine life. 

In the fourth week of intrauterine life the human embryo has no neck. 
The cephalic prominence is bent so that the heart reaches forward almost to 
the first arch. The arches from aboA'e downward become shorter and the medial 
ends lie farther and farther apart. The result is a triangular area with the 
apex cephalad. This is the mesobranchial field of His.^® From the embryonic 
visceral arches, their pouches and grooves, the greater part of the neck is 
derived. 


It is well linown that as the primitive ventral aorta enters the pharynx, 
it immediately divides into the right and left ventral aortic roots. From these 
roots branches (aortic arches) pass upward in the branchial arches and ter- 
minate in the dorsal aortae which run backward and unite to form the doreal 
thoracic aorta. In fish these aortic arches persist, and, with their capillary 
network, absorb the oxygen from the water which passes through the gills. 


In man, however, this condition is transitory and further alterations ensue. 
The first and second aortic arches disappear but the facial artery and the 
lingual artery mark the anterior ends of those arches, respectively. The third 
aortic arch remains as the firat part of the internal carotid artery and the 
fourth on the right forms the first and second stages of the right subclawan 
artery. On the left side the fourth aortic arch gives origin to that part of 
the arch of the aorta which lies between the carotid and the entrance of the 
ductus arteriosus, and later becomes the ligamentum arteriosum. 

From the first groove the external auditory meatus is derived, and the 
fii-st pouch gives rise to the eustachian tube and tympanum. The tympanic 
membrane probably is derived from the cleft membrane. The first or 
dibular arch grows more rapidly than the others and divides into two portion , 
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a superior or maxillary and an inferior or mandibular portion. The former 
gives rise to the upper jaw and the lateral parts of the upper lip and the 
cheelis; the infeifor portion becomes the lower jaw, the lower lip, the region 
of the chin. This arch contains a rod of cartilage, Icnown as Meckel’s cartilage, 
which gives rise to the intracartilaginous bony stimetures, the sphenomandib- 
ular ligament, the malleus, and incus. 

It has been noted that the remaining grooves become covered by the hyoid 
(second arch) operculum and participate in the formation of the cervical sinus. 
From the second pouch the angle of the tonsil arises. The second or hyoid 
arch gives rise to the styloid process, the styloid ligament, the stapes, and the 
lesser cornu of the hyoid bone. 

The phainuigothymic duct ai’ises from the thii’d pharyngeal pouch while 
the bodj’- of the hj’oid bone and the posterior part of the tongue have their 
origin in the third arch. The parathyroid glands are derived from the third 
and fourth pharjmgeal pouches. The th 3 'roid ducts, anlage of the lateral lobes 
of the thj'i’oid gland, are derived from the fourth pharyngeal pouch. The 
thj’^roid cartilage is developed from the fourth arch while the cricoid and 
ai* 5 i;enoid cartilages and rings of the trachea pi’obabty represent the fifth and 
sixth arches. ' 

It has been pointed out that each arch has its nerve and this nerve sup- 
plies the muscles of the arch, the pharjmgeal lining, and groove recess of the 
arch. In fact, the embrj'onie origin of the muscles of the arches is identified' 
by the nerve supply of the muscles. As the cephalic prominence rises from 
the thoracic wall the neck increases in length, the arches descend, and the 
muscular elements migrate. This migration is not always regular, however, 
and the greatest irregularity is found in the muscles of the second arch which 
pass upward into the face and scalp (occipitofrontalis muscle and muscles of 
expression) and downward into the neck (platysma muscle). This migration 
accounts for the wide distribution of the seventh nerve, the nerve of the 
second (hyoid) arch. The nerve of the first arch is the third division of the 
-trigeminal nerve; that of the third arch, the glossopharyngeal nerve; that of 
the fourth arch, the superior laryngeal branch of the vagus; and of the fifth 
and sixth arches, the inferior laryngeal branch of the vagus. 

ETIOLOGY 

There is no general agreement concerning the etiology of lateral cervical 
cysts and fistulas. Although we have reviewed all the theories, space will not 
permit an exposition of them. It was thought by Ascherson^ that the lesions 
result when the cleft boundaries fail to fuse. It was pointed out by His^® 
that the partition between the pharynx and the outside groove is thin and, 
under abnormal circumstances, may tear and give rise to a fistula. RabP® 
studied the second arch intensively and considered the level of the second 
furrow the logical place for a fistula to enter the pharynx. Carp and Stout® 
concluded that nearly all types of branchial anomalies were understandable 
on this basis. Wenglowski,^ whose work has been given much acclaim, was 
of the opinion that lateral cervical cysts and fistulas were vestiges of tiie 
thymic duct. 

MATERIAL AND METHOD OF STUDY 

In the files of the Majm Clinic, and acceptable for this study, were the- 
ease records of 319 patients who had been operated upon for lateral cervical 
cj'sts or fistulas from 1908 to October, 1938, inclusive. A few records could 
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not be included because the patients did not submit to operation and the diag- 
nosis, therefore, was not confirmed. Others were discarded because of insuffi- 
cient data. The surgically removed specimens were available in 287 of the 
eases. In the remainder of the 319 cases, the specimens had been misplaced, 
discarded, or* had deteriorated to such a degiee that they were of no value. 
In each of these cases the specimen had been examined and described by the 
surgical pathologist, however, so that complete pathologic information was 
known. In this study we did not include any ease in which pathologic material 
Avas not available or had not been adequately described. The preauricular 
sinuses and cervical appendages, both of which are thought to have etiologic 
factors similar to those of lateral cervical cysts and fistulas, Avere not included. 



Fig. 1. — lateral cervical cyst presenting in the most common location, just below the angle 

of the jaw. 


In most of this report no attempt is made to segregate the cysts and the 
fistulas, but in our discussion of clinical findings the number of cysts and 
fistulas encountered in our series is listed. Not infrequently a cyst is associated 
with a fistula, and far too frequently a cyst is converted into a fistula by the 
surgeon’s scalpel. It is not ahvays possible to state Avith certainty that a 
lesion in question was primarily a fistula or a cyst. 

That lateral ceiwieal cysts and fistulas are comparatively rare is attested 
by the fact that only small numbers of patients Avith these conditions have 
been seen at large medical centers. 

HISTORY AND SYMPTOMS 

By far the most frequent sjunptom is a painless sweUing in the neck (Fig. 
1). In 259 of the 319 cases studied, the chief complaint Avas the presence ot 
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a mass. Even in a part M’liich is almost consianlly exposed, a.s is the nock, the 
cyst may reach large proportions before it is observed. This fact is undoubtedly 
explained by the gradual increase in the size of the cyst, as occurred in 117 
of the cases studied (Table I). Rapid enlargement was observed in only 


TabiiE I. Predominant SviiPTOMs 


SYMPTOMS 

1 _ CASES 

Gradual enlargement of cvst 

117 

S 3 ’mptoms preceded by or associated with upper re.spiratorj’ infection 

01 

Draining sinus 

58 

Pain 

53 

Intermittent swelling 

39 

Eapid enlargement of cj'st 

20 

Dj'sphagia 

17 

Drainage in pharynx, or peculiar taste 

10 

Fever 

14 

Huskj’ voice 

0 

Pressure 

0 

Retraction on swallowing 

0 

Bulging or fullness in floor of mouth or phaij’ux 

5 


twentj’^six cases. Variation in the size of the cyst is mentioned by many 
observers and was reported by thirty-nine of tlie patients in our series. This 
phenomenon is explainable if the cyst can empty its contents into the pharynx 
through a small opening. It probably is caused more frequently by the phys- 
iologic activity of the lymphatic structures contained in the wall of the cyst,' 
however. 

The association of cervical cysts with infections of the .upper part of the 
respiratory tract is striking. Sixty-one patients in the group under consid- 
eration stated that the recognition of the presence of their lesions was pre- 
ceded by, or associated with, infections of the upper part of the respiratory 
tract. 

A draining sinus was the complaint in fifty-eight cases. At birth the 
external end of the fistula may be only a dimple in the skin and several j^ears 
may elapse before mucoid fluid escapes, or only a drop or two of clear fluid 
will escape at intervals. Some of the patients gave a history of the formation 
of a mass in the neck, which, when pressed on, disappeared after drainage of 
a considerable quantity of fluid from the sinus. The majority of the fistulas 
are produced by the ill-advised incision of a cyst. A cyst treated by incision 
may continue to drain continuously until completely removed surgically, or 
the opening may heal only to, break down and drain again. One of the patients 
included in this study found that the intake of food, especially liquids, caused 
an increase in the drainage from the fistula. Portunatety, pressure phenomena 
• are not often present but occasionally, because of the swelling, obstructive 
symptoms with respiratory embarrassment may develop. 

Pain is present in only a small percentage of eases of lateral cervical 
cysts and fistulas. Of 319 patients, only 53 had discomfort and frequently 
this was extremely mild. When a cyst assumes large proportions, it impinges 
on adjacent structures and may give rise to a sensation of pressure, drawing, 
or fullness and may cause dysphagia and huskiness of the voice. 

A cervical cyst or fistula is occasionally said to produce symptoms of a 
systemic character. Inflammation is the most conunon complication associated 
with these lesions and it is certainly conceivable that an infected cyst or sinus 
could be the focus of infection. 

The length of time patients defer seeking medical advice after the appeai’- 
ance of disease continues to amaze physicians. The duration of symptoms in 
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Table II. Duration op Symptoms in 319 Cases op Lateral Cervicl\l Cysts and Fistulas 


DiniATION OF SYMPTOMS 
(YR.) 

patients I 

PER CENT 

Less than 1 

100 

31 

1 to 9 

162 

51 

10 to 19 

32 

10 

20 to 29 

9 

o 

*1 

30 to 39 

3 

1 

40 to 49 

3 

1 

Not known 

10 

3 


cases of cervical cysts and fistulas varies tremendously (Table II). In studying 
our 319 cases it was found that symptoms had been present for less than one 
year in 100 cases and from one to nine years in 162 cases. Three patients 
stated that they had had .symptoms for more than forty yeare! In twenty- 
five cases the lesion was present at birth. 

History of Trauma . — Tlie history of a blow occasionally has been given 
as a factor in the production of a cyst and .sueli a histoiy may have medicolegal 
aspects. A few cases have been reported in which blood was found in the cyst. 
Case 1 is of some interest. 

Case 1. — A. man, aged 22 years, stated that a cyst on the right side of the nech vras 
first observed when he was 8 years old. It had gradually increased in size. Jnst before 
repstration at the clinic the patient had been struck on tlie neck by a ball.- The cyst imme- 
diately became sore and tender and a constant ache occurred. The cyst covered the anterior 
third of the clavicle. It was completely excised. On pathologic examination the cyst was 
found to be a tj’pical branchial cyst and was filled with blood clots. 


CLINICAL FEATURES 

Lateral cervical cysts and fistulas appear with equal frequency in the two 
sexes. Of the 319 patients, 171 (53.6 per cent) were males and 148 (46.4 
per cent), females. TJie ages varied from extreme youth to old age but 117 
patients were in the third decade of life. The youngest patient was aged 4 
months and the oldest was 84 years of age. 

In 140 cases (44 per cent) the lesion was on the left side; in 172 (54 per 
cent),. on the right side, and in 7 (2 per cent), on both sides. Tavo hundred' 
thirty-nine of the lesions were cysts and eighty were fistulas. There were forty 
external fistulas, thirty-one complete fistulas, and nine internal fistulas. 

In practically all cases the cysts were anterior to the sternomastoid muscle. 
By turning the head and placing the muscle on the stretch this relationship 
can be demonstrated to better advantage (Fig. 1). The muscle may be thinned 
out over the cyst, or, more rarely, a portion of tlie cyst may be present on ^ 
each side of the muscle. The size of the cyst varies from that of an olive (2.5 ' 
by 1.5 cm.) to the size of a large orange (about 10 cm. in diameter) but the 
actual size of the cyst cannot always be detected clinically. 

Fluctuation can be elicited in many cases. This sign cannot be relied on, 
however, for in large, tense cysts, those with thick walls, those with cheesy 
contents^ and in deep-seated cysts, fluctuation is not easily obtained and the 
cyst may be mistaken for a solid tumor. Nearly all the cysts transmit light 
poorly Unless there has been considerable reaction in or around the cyst 
Uu it is movable and not fixed to the skin or underlying structures. It, 
presents a regular outline and the skin over it is smooth. 

Possibly the close relationship existing between cyst or fistula and the 
vagus nerve accounts for the occasional production of a spasmodic cough when 

a probe is inserted. 






NEHL AND PEMBERTON: LATERAE CERVICAL CYSTS AND FISTULAS 


273 


Table III. Anaiomio Position op Cysts and Extebnai, Opening or Pistudas 


SITE OF CYSTS AND EXTERNAL OPENING OF 
nSTOLAS 

CASKS 

Pini CENT 

In upper part of neck, at angle of jaw 

234 

74 

In middle pait of neck 

2G 

8 

In lonei part of neck 

4 

1 

Abo\c sfornocla\icular joint 

41 

13 

Not stated 

14 

4 

Total 

319 

ion 


The external opening of a branchial fistula is practically always in that 
part of the neck bounded by the niidline medially, the sternomastoid muscle 
laterally, the level of the hyoid bone superiorly, and the suprasternal notch 
inferiorly (Table III). Usually the opening is along the anterior border of 
the sternomastoid muscle; the external opening of fistulas which have been 
liresent since birth is found most frequently just above the sternoclavicular 
articulation. Not infrequently swellings develop around the external openings. 

It is generally agreed that the internal opening, when present, is in the 
supratonsillar fossa, although one writer’" recently has reported finding the 
opening in the tonsil. In only a small percentage of the eases, however, can 
the internal opening be demonstrated. 



Pig. 2. — A lateral cervical cyst foUowing- the injection of lipiodal. This procedure Is (advocated 
by some clinicians as a means of disUngmlshinB these cysts from tuberculous abscesses. 


It is said that the rising of the external fistulous opening with deglutition 
indicates a complete fistula. According to Semken,’® complete fiistulas are 
present in one-third of the reported cases. Commonly the fistulous tract is 
palpable as' a firm cord. It is possible to demonstrate the course and extent 
of the fistula by injecting the tract with a radiopaque substance and making 
a roentgenogram (Pig. 2). One hundred twenty-six patients had had previous 
operations (Table IV). 
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Table rv. Teeatkent and Operative Procedures Previously Eiiployed 


_ TROCEDUBE I 

cases 

1 PER CENT 

Incipion and drainage of cyst (from 1 to 50 proce- 
dures per case) ~ 

75 

• 24 

Tonsillectomy 

35 

31 

Roentgen rays, radium, or ultraviolet light 

31 

10 

Aflcniptcd excision 

23 

3 

Aspirations 

14 

4 

Dental extractions 

7 

O 

Iodine injection, arsphenaminc, leeches (J each) 


1 

Total cases in which previous operations had been 
performed for cysts and fistulas 

120 

40 


DIFP’ERENTIAL. DIAGNOSIS 

In many instances the correct diagnosis of lateral cervical cyst and fistula 
must be made bj’' the surgical pathologist. By thorough examipation and by 
careful utilization of all the information at his command, the clinician can 
distinguish branchial cysts and fistulas in a high percentage of eases from 
numerous other lesions which appear in the neck. The correct diagnosis was 
made clinically in 181 of the 319 eases encountered at the lilayo Clinic. In 
other instances the diagnosis was suggested but other possibilities 'were given 
preference. , 

Tuhcrculoxis Lymph Nodes. — Bx'anchial cysts and fistulas are most ive- 
cpiently confused with cervical tuberculous lymph nodes. Carp and Stout® 
stated that the close resemblance of the contents of the cysts to cold abscesses 
caused the incorrect diagnosis in one-half the cases. In addition to frequently 
having a similar appearance, the contents of the two arc also sterile. Bailey^®’ 
stated that tubercle bacilli are found in only 10 per cent of tuberculous glands. 
This fact, together with Bailey’s finding of a branchial cyst which was also 
tuberculous, renders the search for, and finding of, tubercle bacilli of little 
value, and inconclusive. In many instances enlarged lymph nodes are attached 
^to the wall of the branchial cyst but usually the mass formed by tuberculous 
• glands is more irregular and the skin may be adherent. The absence of 
enlarged lymph nodes elsewhere and the absence of other evidences of tuber- 
culosis should be considered as evidence in' favor of the diagnosis of branchial 
cyst. 

Bailey/® Wangensteen,^® Greene and Greene®® and otliers liave stated tliat 
the most accurate method of identifying a branchial cyst is by aspiration and 
examination of the fluid in the cyst. The presence of cholesterin crystals in 
the fluid is positive evidence of a cyst. In only one instance did Bailej*’® fail 
to find cholesterin crystals. In that case some substance had previously been 
injected into the cyst which made the contents unsuitable for examination. 
Wangensteen^® said* that the high lipoid content of the fluid from a hrancliial 
'cyst frequently imparts a shimmer or yellowish sheen to it when it is placed 
in a basin. Tuberculous pus does not have these characteristics. 

Tumors of the Carotid Body.—Branchial cysts are far more common than 
tumors of the carotid body, which are rare. It is noted that tumors of the 
carotid body move laterally but not vertically and that pulsation visually i 
Iransmitted Their position is similar to that usually assumed 
cvsts It is important to distinguish between these two lesions before he 
patient is anesthetized because the operative procedure for ^-emoyal o 
Vmov of the carotid body is of great magnitude and the prognosis is ^ 

Cystic Hygroma.~The lesion of cystic hygroma is first noticed m n f • 

It is usSy dLse, loculated, and translucent, and most commonly is situated 
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in the lower half of the neck. A branchial cyst, however, is nearly always 
well circumscribed, unilocular, and opaque, and is situated in the upper part 
of the neck more frequently than in the lower part. 

Supfurativc Cervical Lymphadenitis. — ^Acute inflammation of a branchial 
cyst or fistula maj’- be difficult to distinguish from suppurative cervical lymph- 
adenitis. The history of swelling or of drainage from a sinus preceding the 
inflammation may give the clue to a correct diagnosis. 

Dermoid Cysts. — ^Dermoid cysts are said to he more supeifficial tumors 
than branchial cysts and their location is not constant. Apparently they are 
also rare. 

Lipomas. — The fatty tumors, lipomas, am frequently lobulated, but may . 
simulate branchial ej’^sts. They yield no fluid on aspiration, however. 

Neriro fibromas. — Neurofibromas ma}' he confused with branchial cysts. 
Their fiini, solid consistency and their limited mobility owing to fixation to 
the deeper structures of the neck, however, are important features in differ- 
ential diagnosis. 

Hemangiomas and, Lymphangiomas. — Deep-seated venous and lymphatic 
angiomas are oceasionallj’- mistaken for branchial cysts. Wlien pressure is 
made on these tumor's their contents are evacuated. 

Chronic Retropharyngeal Abscess. — It ma}’^ sometimes be difficult to dis- 
tinguish between the swelliirg cairsed by chronic retropharyngeal abscess and 
branchial cyst. Coakley^^ noted the possibilitj'' of confusing the two and a ease 
was encountered at the clinic in which the condition was treated at first as 
an abscess by drainage but because of the mucous character of the di’ainage 
the lesion was later removed and proved to be a cyst. 

FAMILIAL TENDENCY 

For many years it has been noted that branchial fistulas may occur in 
several members of the same family. In twenty-one of 100 collected cases, 
Fisher^^ found an hereditary influence, and in three generations of the same 
family Ascherson^ found eight persons affected with branchial fistulas. Cases 
in which a strong familial tendency was present have also been reported by 
Cates,-® Vaughan,^^ Tilley Hyndman and Light,® Carp and Stout,® and others. 

A woman seen at the clinic had bilateral cervical fistulas. Her father, paternal 
grandfather, brother, and a cousin on her father’s side all had bilateral cervical 
fistulas. In addition, another brother had a branchial appendage. 

CLASSIFICATION 

Various classifications have been suggested for lateral cysts and fistulas. 
Possibly one of the oldest, as well as one of the most useful, is that of Bland 
Sutton.®® He classified these lesions as follows: (1) The complete fistula, which - 
is the prototjq)e, has an external opening and an opening in the pharynx; (2) 
the external fistula has an external opening in the sldn but ends internally 
as a cul-de-sac; (3) the internal fistula has an opening in the pharjmx but 
the fistula ends externally as a cul-de-sac ; this tjqje is rarely recognized and 
is probably the rarest; Heusinger® thought some pharyngeal diverticula were 
of this nature; (4) the cyst has a closed canal both internally and externally 
but an unobliterated segment remains in the neck. 

Bailey has divided lateral cervical cysts into four types, according to their 
relationship to the surrounding structures, as follows: 



SURGEHY 

f 

Tlie cysts of type 1 are fairly supei-flcial, are at the antei’ior boi’der of the 
sternomastoid muscle and beneatli tlie cervical fascia. The c.ysts of type 2 lie 
on the great vessels. The wall of the cj'st may be adherent to the jugular vein. 
This is said to bo the type most commonly encountered. In this type, and also 
in type 1, the spinal accessory nerve is in a constant relation posteriori}''. The 
cysts of type 3 extend to the latei*al wall of tlie pliarj’nx. A large cyst may 
pass through the bifurcation of the carotid arteiy. It may extend up as far 
as the Jatei'nl mass of the atlas and even io the base of the skull. The cysts 
of type 4 are columnar epithelium-lined cysts near the pharynx. They probably 
produce no symptoms. 

The contents of the cysts and the lining epithelium form the basis for 
some classifications, Hyndman and Light® Avere of the opinion that an adequate 
and simple classification is: (1) branchial cleft epidennoid cysts and (2) 
branchial cleft mucous cysts. 


PATHOLOGY 


Grass Pathology . — The size of lateral cervical cysts varies from less than 

1 cm. to more than 10 cm. in diameter. Of the cysts in which size was recorded, 
122 had a diameter greater than 5 cm. and the diameter of some of these Avas 
more than 10 cm. In eight the diameter Avas from 1 to 2 cm., in thirty from 

2 to 3 cm., in fifty-one from 3 to 4 cm., and in forty-nine from 4 to 5 cm. 

A cyst is usually longer than it is Avidc, and is shaped like an egg or lemon 
(Fig. 3fl). Some, hoAvcA'er, are nearly spherical. There frequently is a sug- 
gestion of lobulation. The entire cyst is surrounded by a loose connective tissue 
through Avhich course veins and small arteries. In eighty-eight of the specimens 
examined lymph nodes AA'ere attached to the walls of the cysts. 

The thickness of the cyst Avail A’aries tremendously. Carp and Stout® found 
this variation to be from 1 mm. to 1 cm. Some of the Avails are as thin as 
tissue paper and collapse into a small heap as soon as they are punctured, 
alloAving the contents of the cyst to escape. The Avails may be nearly 1 cm. 
thick, hoAvever, and when the contents of such a cyst are CA'acuated the specimen 
maintains its shape. The thin Avails are opaque and glistening AA'hile the 
thicker walls are darker. 

The inside of a cyst AA’all usually presents a far more interesting picture 
(Fig. 3b). The thinnest AvaUs may be perfectly smooth, but when those a 
little thicker are held in a proper light very small pi-ojeetions may be seen. 
The epithelial lining of some of the cysts is pinkish and may be easily stripped 
from the underlying tissue. This lining may be smooth or AATinkled, simulating 
skin which has been immersed in water. On nearly eA'-ery lining membrane 
there are Avartlike projections or papillomas. These vary in size and in number; 
they may be barely visible, but are occasionally from 5 to 6 mm. in diameter. 
They may be few in number or numerous enough to cover the entire cyst Avail 


(Fig. 4a). 

Thin septa may traverse the cyst wall and divide it into irregular com- 
partments (Fig. 4b).' Frequently these septa converge to the same place on 
the cyst wall. The septa have the appearance of fibrous cords or contractures, 
and give the cyst Avail a trabeculated appearance. Papillomas my be present 

also, but rarely on the septa. _ 

The gross and microscopic appearances of a^ fistula are shown m rigs- 

5 and 6 a and b. i i i r 

Microscopic Pat/ioZopy.— Typically, the microscopic study of a lateral ,cer- 

Aioal cyst or fistula reveals a stratified squamous epithelium Avhich lies on a 


NHCL AND PEJIBERTON: LATERAL crnOTCAL CYSTS AND FISTULAS 277 

lymphoid base, the latter in turn being surrounded by a layer of loose con- 
nective tissue. In different specimens the layers vary in thickness and in other 
respects (Figs. 7 a and h, S a and h, and 9). It is probably advisable to dis- 
cuss each component 'Separately. 

In 263 of the 287 specimens of cj'sts and fistulas examined histologically 
at the clinic the lining was of squamous-cell epithelium. In eighteen cases it 
was columnar and in six cases both columnar and squamous-cell epithelium 



were found (Fig. 9). Bailey^^ has said that a fistula is lined by columnar 
ciliated epithelium unless inflammation has been present. This observation is 
not substantiated by the findings in our series. In some fistulas the epithelium 
is of columnar type, but in the majority it is of the squamous-cell tj-pe. 

In addition to finding the stracture of branchial cysts constant, Gilman-' 
also found that the mimber of cell layers in the lining of squamous-cell epi- 



278 


SURGERY 


thelium varies at different areas. This finding coincides with the ohservations 
made in our study, but when the epithelium was found to be thick at one 
area, it was usually only a trifle less thick at the thinnest area. In other words, 
there was a tendency to maintain approximately tlie same number of cell layers 
tliroughout. In 176 instances the epithelium was found to be of average 
or moderate thickness; in seventeen it was definitely thick, and in ninety-four 
thin. 



Fig. 4. — The interior of a large cyst : a, the wall is thick ; the entire inner surface is 
covered by confluent wartlike projections of the squamous epithelium ; h, the cordlike bands 
which divide the cyst into trabeculations. 


It is true that in the majority of instances the epithelial layer rests on a 
base of lymphoid tissue (Fig. 7b), as was observed in 185 of the specimens 
examined. In ninety-one specimens the epithelium rested on connective tissue 
(Fig. 8b), however, and in eleven cases it rested on both lymphoid and con- 
nective tissue. Germinal follicles were present in the lymphoid band in 137 
of the 287 specimens examined ( Fig. 8a) . Gaston^® said that follicles are such 
a constant finding that they are of diagnostic importance, a statement not 
supported by our study. In 119 of our specimens the lymphoid tissue was 
scant, in 138 moderate, and in 30 thick. 
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The supporting layer of connective tissue also varies greatly in its width, 
as seen, in the cross section. In fifty specimens in our series it was thick, in 
139 average or moderate, and in ninety-eight thin. It sometimes is penetrated 
deeply by lymphoid tissue which seems detached from the main l3nnphoid band. 
Blood vessels are numerous and around manj' of tliem arc accumulations of 
round cells. In the event of acute inflammation this supporting layer of con- 
nective tissue becomes engorged with leucocytes. Serous glands are occasion- 
ally found in this layer and muscle fibei-s arc occasionall.y present. In 276 
specimens studied in our scries chronic inflammation was present in the con- 
nective tissue layer, in three inflammation was acute, and in ten no inflam- 
mation was found. 



«li^ 



Fig. 5. — ^Bilateral complete cervical fistulas removed through a single collar incision. 


Contents . — The epithelium lining the cyst or fistula retains its capacity 
to form the products of epithelial metabolism. These products are discharged 
into the cyst or fistula and compose the contents or the drainage. Hyndman 
and Light® found a thick, transparent, mucoid, stickj' fluid in the ej’^sts and 
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At the level of the hyoid hone it turns inward , and proceeds toward the 
pharynx. Apparently, some fistulas pass over the carotid sheath and some 
pass between the external and internal carotid arteries, for there is disagree- 
ment on this point. The fistula tlien crosses over the hypoglossal nerve, passes 
under the posterior belly of the digastric muscle, over the glossopharyngeal, 
nerve, under the styloglossus muscle, and to tlie pharynx near the tonsil. 



wiE- g_Cyst tyall; a, which shows a secondary follicle in the lymphoid tissue (X90) : 

’ which the stratified squamous epitheiium lies directly on the connective tissue. 

Several methods of dealing tvith the internal portion of the fistulous tract 
have been described. In the procedure described by von Hacker^^ the media 
end of the fistula is cut and cauterized. Through this stump a probe is cau- 
. tiouslv passed into the pharjmx. The end of the probe is made fast to the 
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cut end of the fistula and by gentle traction on the probe through the mouth 
the fistula is inverted into the pharyngeal cavity, where it is ligated and cut 
off short. If the fistula cannot be dissected to the pharynx a technique de- 
scribed by Koenig®^ may be employed. By bringing the distal end of the 
fistula into the buccal cavity in front of the tonsil the secretions are caused 
to drain into the mouth instead of externally. Both the von Hacker and the 
Koenig procedures are beautifully illustrated in Christopher’s article. 



It has ,,not been found necessary to invert the stump of the fistula into 
the pharynx in all cases, just as it is not essential to invert the stump of the 
appendix in all cases. If the fistula is dissected to the pharyngeal wall, ligated 
close to the wall, cut and carbolized or cauterized, a good result can be antici- 
pated. This method was employed in thirty-four cases at the clinic (Table V). 
Ladd and Gross^= did not find it necessary to turn the stump into the pharynx. 

It must be emphasized that it is absolutely necessary to remove the entire 
tract. If a long medial portion is allowed to remain, a complete fistula will 
have been converted into an internal fistnla and the latter may be as annoying 
as the former. 

Removal of a cyst usually offers far less difficulty than excision of a 
fistula. In the superficial type an incision is made over the cyst in a natural 
crease in the skin and the cyst enucleated. Those cysts which are in close 

Table V. Operative Procedures Employed at Clinic 


OPERATIVE PROCEDURE | CASES 

Excision 283 

Bissoction to pharynx and opening demonstrated surgically 34 

Drainage instituted 3 

Curettage 1 
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relation to the great vessels may be adherent (Fig. 10). Bailey oceasionally, 
found it necessary to divide the slernomasloid muscle and isolate the .spinal 
accessory nerve. This nerve sliould always he idenlified. If the cyst is large 
and exposure cannot be readily obtained, the cyst may bo aspirated. Bailey'” 
then placed gauze and forceps^ over the puncture wound and made gentle 
traction on tbe cyst wall. Bevan”” stated that if he ever were unable to com- 
plete tbe dissection he thought he would prefer to take a segment of the jugular 
vein rather than leave part of the wall of the cyst and cauterize. As previ- 
ously mentioned, in order 4o effect a cure, it is essential to remove all of the 
secreting epithelium. 



Fig:. 10. — Location most commonly assumed by lateral cervical cysts and the relations to the 

great vessels. 

RE.SULTS OP TREATMENT 

Two deaths followed 321 operations performed at the clinic on 319 patients 
in a period of about thirty years, an operative mortality of 0.63 per cent. 
Gaston^® reported one death in twenty-nine cases, an operative mortality of 
3.4 per cent. One fatality in our series was that of a child, aged 1 year, 
who had not been well since birth. An attempt to remove a large cervical 
cj'st had previously been made. The cyst protruded into the pharjuix and 
interfered with respiration. In spite of the child’s poor condition, extirpation 
of the cyst was considered advisable. Operation was performed Jan. 3, 1912. . 
The cyst weighed 15 Gm. and measured 4 by 2.5 by 2.5 cm. On the fifth 
postoperative day the patient died of bronchopneumonia. 

The second patient who died was a man, aged 49 years, who had syphilis. 
He had a large cyst which had enlarged rapidly and in the few weeks before 
admission it had caused dyspnea on exertion. The cyst occupied the sub- 
maxillary and submental regions. The floor of the mouth bulged and the 
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larynx could not be seen. Fob. 25, 1924, the cyst was excised. In tAventy- 
foiir lioui’s the patient had difficulty in breathing and his A^oice became throaty. 
The AA'ound Avas explored but no CA'idcnce of fresh hemorrhage Avas found. 
The patient died on the operating table. Death Avas attributed to edema of 
the lai’jTix and tissues of the neek. 

The final result of operation for lateral eervieal cysts and fistulas is grati- 
fying. If AA’e assume that tlie 147 patients avIio liaA’e not been heard from are 
AA'ell, 309 patients haA-e obtained a satisfactory result. The incidence of re- 
eurrenee is small. 

Late postoperatiA'c complications Avhich Avere caused by injuries to nei-A'Cs 
occuiTed in tAveh’e cases. Apparently, the glossopliaryngeal nei’A'e is the nei-A'e 
most frequently injured since three patients eomplained of atrophy and doA'ia- 
tion of the tongue. Tavo patients had atrophy of the muscles of the slioulder 
girdle and tA\m presented Hornet- 's syndrome. 

SUMMARY 

Congenital cysts and fistulas AAdiieh appear on the lateral aspects of the 
neck are referred to as branchial, A-estigial, and lateral cervical. There is no 
unanimity of opinion as to the etiology of these lesions. The Avork and theoiy 
of IVengloAvsld,* hoAvever, have greatly influenced thought on this subject. 

Several members of the same family, and of one or more generations, 
may be afflicted. Other congenital lesions also are encountered occasionally 
in cases of lateral cerAUcal cysts and fistulas. 

A study Avas made of 319 cases in AA'hich operation Avas performed for 
lateral cervical cysts or fistulas at the Mayo Clinic. Specimens for pathologic 
study or data on pathologic findings Avere available in all cases. Detailed 
microscopic studies of specimens Avere made in 287 cases. Painless SAvelling 
Avas the most frequent sjmiptom. In sixty-one cases the lesions Avere preceded 
by, or associated Avith, infections of the upper respiratory tract. Symptoms 
not infrequently appeared folloAving tonsillectomy. 

In our series patients of both sexes Avere affected equally. The ages of 
the patients varied from 4 months to 84 years. The greatest number of patients 
(37 per cent) Avere in the third decade. The tAA'o sides of the neck Avere 
involved approximately equally. The lesions Avere bilateral in 2 per cent of 
the cases. 

In the great majority of cases the lateral cervical cyst Avas located in 
the upper cervical region near the angle of the jaAv. 

In the complete and internal fistidas the internal opening usually is in 
the supratonsillar fossa. It is difficult to demonstrate clinically. 

Lateral cerAucal cysts and fistulas must be distinguished from other lesions, 
especially tuberculous lymph nodes. 

These lesions haA’^e a distinct pathology and microscopic examination is 
essential. The diagnosis of branchial carcinoma is probably erroneous. The 
lesion designated as “branchial carcinoma" is probably secondary lo a healed 
or undiseoA’ered pi-imary lesion in the nasopharynx. 

ConserA'atiA'e treatment is indicated in the presence of acute infianimation. 
Complete excision of the cyst or fistulas is the treatment of choice in the great 
majority of ca.scs. In experienced hands Ihe operative mortality is Ioav. 
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THE USE OF SKIN FLAPS IN THE IHOJ’AIR OF SCARIHCD OR 

ULCERATIVE DEFECTS OVER BONE AND TENDONS 

/ 

Earl C. Padgett, M.D., and John H. Gaskins, 1\[.D.,^ Kansas City, Mo. 

D uring the past fifteen years a scries of niiicty-scven patients lias been 
operated npon witli tlie objective of correcting clironic ulcerative lesions 
or deep adherent scars by means of skin flaps. In most instances thc.se lesions 
have been located upon the extremities, but there also have been a few located 
on the head and bodj'. In all these individuals il was deemed that skin grafts 
woidd not give adequate or proper coverage or .skin grafts had been tried with 
ultimate failure, either because the.v did not “take” or had broken down later. 

When a chronic ulcer is immediatelj' over bone or heavy tendon or is sur- 
rounded by deep heavy scar, the resultant central ischemia may be such that a 
subcutaneous tissue provision is necessary to ensure a viable skin covering. 
AVhen bone or a large tendon is uncovered, or nearlj" uncovered, and trauma has 
to be ivithstopd, the addition of both skin and subcutaneous tissue may be ob- 
ligatoiy. A sldn flap can obtain most of its nourishment circumferentially. 
Occasionally in civilian life and often in warfare one will encounter a wound 
which has torn out skin and subcutaneous tissue, exposed tendons or nerves, 
severed tendons and nerves, or has resulted in loss of bone. In the first 
instance a thicker coverage than a skin graft may be the better coverage, in the 
second instance an immediate skin and subcutaneous tissue coverage may be 
obligatory if one is to preserve tendon or nerve function, and in the latter case 
skin and subcutaneous tissue ai’e necessary both for coverage and for allowance 
of further operative procedures when such are contemplated. 

One of our main reasons for presenting this group of defects, corrected by 
means of skin flaps, is to emphasize that often a skin flap can be transplanted 
with safety and the resultant aseptic denuded base from which the flap was 
removed covered by a skin graft at the first operation. This makes the procedure 
one which takes from between two and three weeks to execute, in contra- 
distinction to one in which a series of delayed or tubed flaps are used which 
takes a matter of a number of weeks or even months. ( Ghormley and Lipscomb,^ 
four to seven operations, average ninety days’ hospitalization.) 

METHODS or SKIN AND SUBCUTANEOUS TISSUE TRANSFER 

Before going further with the discussion it might be well to summarize very 
brieflj'’ the various methods of skin flap transfer. Skin flaps may be transferred 
by the direct or delayed methods, or by means of a direct or intermediate carrier. 

Direct Transfer . — ^In direct transfer the skin flap is elevated from its bed 
and transferred to its permanent situation at the first operation. This may be 
done by rotating the skin flap (Hindoo,- 5000 b.c.), by using a member such as 
the arm for transfer to a more distant location (Tagliacozzi,^ 1597) ; by sliding 
the skin flap (French method) and by bringing the member to be covered to 
the skin flap, as the hand to an abdominal flap or one leg to the other. Direct 
transfer may be done when the blood supply is sufficient to allow the sldn flap 
to remain viable. 

Present^ at Ute Fifty-Second Annual Meeting of the Western Surgical Association. 
Chicago. 111., Dec. 1 and 2, I 9 tl. 
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Belayed, Transfer, — The delayed methods ^vhich tend to enliance the nutri- 
tion of the flap include: (1) raising of the skin flap and simply suturing it 
back in its bed mth or without leaving a bridge pedicle to be cut later (Taglia- 
eozzi,^ 1597 and Blair/ 1921), (2) placing some such material as a skin graft be- 
neath the skin flap with either mnipedieling or bipedicling of the flap (Morgan,® of 
London), (3) tubing of the flap (Filatoff,® 1917 and Gillies^ in 1920), (4) the 
use of an intermediate cari’ier such as raising a flap from the abdomen and 
attaching it to the wrist with the ultimate objective of using tlie aim for distant 
transfer (Sebileau,® “regional justiposition, ” 1926), or (5) finally jumping a 
sldn flap end over end. (Roux,® 1854.) 

Del-ayed Transfer Without Tuhnlization. — -"When practicing delayed trans- 
fer without tubulization of a skin and subcutaneous flap (Blair), the flap is 
outlined, raised from its bed, and immediately replaced and resutured back in 
its original position. As a rule, about ten days later the flap is transferred to 
tile site to be repaired. Thus, the flap is transferred as soon as the blood supply 
to the pedicle has had sufficient time to increase, beeause of dilatation or possible 
increase or realignment of the blood and lymph vessels ivithin the pedicle. The 
disadvantage of the method is the matter of time and the increase in the number 
of operations. "When the blood supply is sufficient tliere is no necessity for using 
the procedure. On the other hand, the method may have four advantages. First, 
by its use, a longer, more narrow, and thinner flap may be obtained than if 
immediate transfer is made, and second, the flap may be completely outlined 
in piecemeal fashion, with an interval of a week or two betiveen advancement 
of the incision of the smaller or the distal pedicle. Third, if the blood supply 
is stiU questionable, an interval of time can be allowed for re-establishment 
of the circulation, after which the flap may be raised from its bed a second time. 
Fourth, if, after all these methods for establishing an adequate blood supply, the 
blood suppl}’^ of the flap still appears to be insufficient, one may leave it in its 
* bed and save the einljarrassment of losing the flap. 

The Tubed Pedicle Skin Flap or Satchel Handle Flap. — The method 
(Filatoff, Gillies) consists of making tAvo parallel incisions, after Avhich the skin 
and all or part of the subcutaneous tissue is raised. The defect is then closed 
Avith sutures beneath tlie flap, or if this is impossible, a skin graft may be used 
to cover the denuded area. It is possible, but not desirable beeause of infection 
and contraction, to alloAA' tlie bed to remain unclosed and to heal by granulation. 
The parallel edges of tlie raised flaps are sutured together so that the flap is 
throAvn in the form of a tube or cylinder A\dth the surface of the sldn outAA'ard. 
By this method a greater blood supply is developed in each pedicle. This meth- 
od has the advantage that an untubed flap, continuous Avith the distal end of the 
tubed pedicle, can be raised tAvo Aveeks or more after the original flap is tubed. 
If there is any question concerning the blood supply of the distal prolongation, 
one may outline it, separate it, and suture it in situ one or tAVO Aveeks previous 
to transfer to the recipient bed. If one prefers, the tube can be lengthened 
subsequently, so that the flap Avill reach a greater distance. ^ Also, one may in- 
terrupt the incisions on one side or even on' both sides, in order that a tube ot 
almost any length can be raised and transferred later (de River,“ 1926). 

General Indications for the Coverage of Beep Befects.— When one is at- 
tempting to select the optimum method for coverage of a scarred ulcerated or 
deep defect one has to balance the general utility of a sldn graft against tliat 
a skin flap. Each has certain advantages. A skin graft can be placed, as a i , 
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in one operation in contradistinction to <a skin flap wiiicli ■will lake at least two, 
and often more, operative procedures. A skin gi’aft has about normal thickness 
wliile a skin flap is often rather thick in appearance. AVlien there is sufficient 
subcutaneous tissue, a thick skin graft will stand the li’auma fairly well even 
on the bottom of tlie foot. It gets a nerve supply quicker than a skin flap. The 
slo-vvness until which a slrin flap develops a nerve supply (nearly one year) may 
be quite a detriment when it is applied over sueh an area as the heel because of 
the liabilitj’- of the development of a trophic ulcer if it is not protected while 
the nerve supply is appearing. Such lesions as large varicose ulcers often, 
after wide excision of the sear followed by skin grafting, give a very good result. 
To use a skui flap for such largfl lesions is almost out of the question. When 
sufficient subcutaneous tissue is present and one is aiming solely at surface 
coverage, a skin graft is preferable to a skin flap. 

In general, a sldn flap may have the advantages of a fairly high resistance 
to infection, some thickness for the pui’pose of filling a defect, lengthening 
slightly an amputated extremity, and covering with a subcutaneous tissue 'a 
thumb or finger reconstructed by means of a bone graft. Bj' means of a skin 
flap subcutaneous tissue may be supplied to cover exposed tendons, neiwes, and 
bones, to cover certain bases with deficient blood supply such as irradiation ulcers 
and sloughs, to facilitate the future repair of nerves or tendons, or to allow con- 
templated operative procedures on tendons, nerves, or bones. The skin is soft 
and pliable and the color is normal for the area from which it is removed. For 
the building of organs requiring thielmess, for building a part requiring two 
soft pliable epithelial surfaces and some thickness such as the nose, the cheek, 
and the lip, and as a direemt covering for bone or cartilage, the pedicle skin flap 
has little competition. 

ANAEYZATION OF CASES 

On analyzation of our series of 97 eases, we find it a little difficult to classify 
them into groups in many instances because of the individualitj'^ of the lesion 
we were attempting to cover. 

Skull Flaps . — The 5 cases of uncoverage of bone of the head fall fairly 
definitely into type where a sliding or rotation flap of the scalp is used to cover 
bare bone' after removal of the external table of the skull (3 cases) or even the 
bare dura (1 case) (Fig. 1), or an open sinus (frontal, 1 case). The periosteum 
of the area from which the skin flap was removed is then covered with a sub- 
1 stitute skin graft. In such cases the procedure was a one-stage affair and was 
in each case successfully accomplished. 

Finger, Hand, Arm Flaps . — In 27 cases where a flap or flaps (4 instances) ^ 
were transferred to either the fingers (Fig. 2), hand (Fig. 3), or arm (Fig. 4), 
most commonly from the abdomen (26 times), but in 2 instances from back to 
hand, and in 2 instances lateral chest to arm or elbow region, the operation was 
a one-stage affair save severance of the pedicle in all but coverage of the elbow, 
where a tubed pedicled flap of considerable length was deemed necessary. Seven 
of these flaps were bipedieled or pocket flaps and the remainder were unipedicled 
with a broad base. In 3 of the latter group the flap did not hold. One of these 
was a small deep irradiation ulcer of the back of the hand. The other two were 
to tips of the fingers, one in a small child. It has been found extremely difficult 
to attach a flap to a small child’s finger unless the finger is well pocketed, as 
often a small child ■will wiggle his fingers in spite of pain and the fixation that 
is obtainable. The etiology of these injuries is as follows: 14 were due to some 
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type of trauma (2 nuiiiiiled fractiires of the Jep. (i to excessive irradiatiou, 5 
were mangle burns, 4 eleclrienl, 1 gunshot, and 1 was due to an ulcer caused 
by an improperly applied east). In 9 instances tranniatic amputation stumps of 
the fingers or end of the hand were covered. One case was a quite extensive 
and deep electi-ical burn of the .shoulder (Fig. 5) which de.stroyed the deltoid 
muscle and exposed the shoulder joint. In the coi rection the shoulder joint was 
anlndased and a large flap from the scapular region was turned over t!ie exposed 
joint and upper lunneral region after the dead cortex was removed. 

B. 



ITig. 1. — This bo> sustained an electrical burn -uliich in\olved particularly the right side 
of the head and the right dorsal lower ankle and foot. The bum was deep enough that the 
whole thickness of the skull sequestrated. Most of the anterior tendons of the foot sloughed 
and the bone was uncovered. After about three nionths the sequestrum of tlie skull 
removed. A large flap from the scalp was thrown from the opposite side of the head to 
cover tlie denuded dura. A skin graft was placed on the area from which the scalp flap wM 
removed. This all was done in a one-stage fashion. Later a cartilage transplant from the 
chest was imbedded beneath the skin flap in such a manner as to o\ erlap bevel fashion Oic 
skull edges to give a firm and rounded skull. During this interval after the dead tendons haa 
been removed and the soft tissue had granulated in, somewhat, a skin flap from the opp^a® 
calf was placed anteriorly o\er the lower pait of the ankle and dorsal part of the foot. This 
was also done in a one-stage manner. 

.4. shows the original lesion B shows the final head result. C shows the final foot repair- 

Body Flops . — In the body region were 2 cases of exceptional stubbornness 
due to intensive irradiation, 1 over the sacral region (Fig. 6), in whicli a com- 
bination of two lateral buttock flaps and a skin graft (4 operations) finally re- 
sulted in coverage and relief of pain; the other was an excessive irradiation 
burn of the groin, lower abdomen, and upper thigh in which three flaps were 
attempted (1 abdominal flap, 1 thigh flap, and 1 scrotal flap). Bach was delayed 
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before transfer and each sloughed somewhat. Finally septicemia developed, 
which resulted in a purulent knee .ioint infection, necessitating amputation. 
He finally recovered. Operation in the thiul case uas done succcs.sfully in one 
stage hy means of a bipcdielcd upper abdominal flap lowered to the lower ab- 
dominal nail after excision of the painful irradiation area. A skin giafl was 
placed in the defect left after removal of tlie flap. 



4. 


B 


, 2 — 4, A lidticl winch liacl the distal phalanges dostio'ed b\ a mangle To gue pad- 

‘ind to increase Uic length ol the Angois somewhat, flips fiom the abdomen woic applied 
/I?®' The gi< ilei pait of the dama"e was on the cential surface B, Final 

Pifblisher^ p^'so ^ '^'‘‘^ting. Spiingfleld, 111, 1942. Chailes, C Thomas, 
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V 




I ^ contiactuie of the hand in which at opeiation the tendons weie laid bare 

V?,'” abdomen was laid acioss the palm B Result one 5 ear later. (Fiom 
augcit, j^ail C Skin Giafting, Spiingfleld. Ill 1<)42. Charles C Thomas, Publisher, p 7G ) 


Lowe) Extiemity Lesiom. — 0± the lesions about the thigh, leg. and toot, tlie 
etiologj' ot tlie lesions lan about one-halt due to some trauma Of the other 
one-liall, one-third was due to osteomyelitis, about another one-third was due 
to a bum, and a final one-third was due to exeessn e ii radiation lor some pret ions 
lesion. One was due to a frozen foot and one was a trophic ulcer. 


292 


SURGERY 


Thigh Flaps . — The 13 cases in wliich flaps were removed from the thigli 
fall into two classes, one simply a routine affair where the transfer was simple 
such as delayed transfer from one thigh to the opposite foot (5 cases), sliding 
laterally over or down over the loiee joint in one stage (2 cases), and in one 
case a delayed or tubed pediclcd flap was transferred from each thigh to an oppo- 
site leg stump to cover a bilateral below-the-lciiee amputation (1 ease). In a 
second ease a tubed pedicled flap of the thigh was used to cover the end of an 
amputation stump in a boy with a short below-the-lcnee amputation. In this ease 
the result has been satisfactory for about ten years. In 2 cases a thigh flap was 
transferred directly for the purpase of covering a foot defect. In one of these 
cases the defect was an ii radiation ulcer of the whole of the bottom of the foot 


A. 




Fig 4 — ’A, Till*! man fell tliiough a greenhouse loof into a manure pile beneath. He 
was cut across all of the flexor muscles of the forearm and down to the medial nerve. Origin- 
ally the wound was closed by another surgeon. The patient developed a gas gangrene ana 
tin muscles of the aim aeie laid wide open The blood supply to the medial nerve was 
compromised, at the time of the second operation, so that he developed a temporary medial 
nerve paraUsis but eventually the medial nerve regenerated and function became fairly good 
To covei the large defect in his arm a laige flap from the abdomen was transferred over tlie 
detect. A skin graft from the abdomen was applied to the area from which the flap vas re- 
mo\ed B, Seicial weeks after operatiic pioccdurcs 


in a woman who originally was supposed to haAC had a fungus infection. In 
one case a scarred deformity of the knee rvas covered by means of a tubed pedicle 
flap. In a final instance Ave tried unsuccessfully to cover the exposed bone of the 
anterior tibial region due to a bum, by means of a revei-sed tubed pedicle flap 
taken from the opposite thigh. The distal end of the reversed flap sloughed 
We then tried to jump the flap and Avere also unsuccessful A\nth this 
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Leg Calf Flaps . — In this series the skin haps taken from tlio caU of llic leg 
,and transferred to the opposite anterior tihial region (Fig. 7, A and B), when 
the nlcerons area was not too large, the malleolar region (Fig. 7 (!), tiie anterior 



A. 


B. 


, ■ — 4 This patient suffered an electrical burn across the shoulder, wlilch 

destroyed the deltoid muscle and opened the shoulder Joint, exposing the upper end of - the 
1 .^ interval of time the cortex of the upper end of the humerus was removed. 

„ snouider joint was ankylosed and a large skin flap was turned from the scapular region 
® defect in tlie' region of the Joint of' the upper end of the humerus. A skin 

gratt was applied over the scapular area from which the flap was removed. 



A. , B. 

Ill This woman sustained a verj' severe x-ray burn of the sacral region from 

deep therapy for menorrhagia. She had severe pain and some ulceration. A flap 
"1 the side of the buttocks was turned in over the sacral region. A skin graft was used 
^ * area from which the flap was removed and on a place or two on the sacrum we 
Jdre able to get a skin graft to take. Complete healing and relief of pain was obtained. B, 
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loot, o\cr the end oi :i iool iluinp, iJic Aehilhvs tciidon if^don, (lie Jieel and 
bottom of the foot, or great toe arc the most typical Jn 45 cases, 49 flaps of the 
calf ■were transferred. In only 3 of these cases was the flap delayed (one six 
daj's, one ten days, one thirteen days). Delay was deemed wise heeanse of.n 
leg too fat, scar, or arterial damage. In the remainder of the group transfer 
^^as direct. Of this latter group of direct tianster, 2 A\ere lost because of 
buckling of the base of the flap due to an improperly applied east (1 complete, 
1 partial). In the one i)artially lost, 5 days later the flap was extended upward, 
the cast reapplied, and a successful result obtained. In 5 other eases a partial 
loss of the flap occurred but after the pedicle of the flap was cut long and 
rotated somewhat, the result was successful coverage. In one case a flap was 
transferred over the top of each foot and over both Achilles tendon regions in 
4 operations not counting the operation for the flap seveiance (Fiff. 81. 

As previously mentioned, it is particularly in this group of cases that we 
believe direct transfer may save much time and many operations for the patient. 



A. B C. 

Fig. 7. — A, A patient iMth a largo ulcerating ulcei ol the lotver anterior tibi.il and nial- 
leolar legions which had not healed for seveial jeaii The area wat, co%tied with a flap 
w ith good result. 

B, A patient who had an ulcerating area ever Uie tibial legion with nonunion following 
a fracture. For some reason after a flap was applied over the area the fiacture umted and 
the result was good. 

G, A patient with an ulcerating aiea over the external malleolar legion A flap was 
applied over the aiea from the opposite calf. In all of these cases the transfer of the flap 
was carried out in one operation and a sKin giaft was applied o\ei the aiea from which the 
flap was taken on the opposite leg. 


One criticism we feel should be made of the calf as a donor site when it is 
possible to use the anterior, medial, or posterior thigh legion in as easy a manner 
as the calf, is the resultant scarring of the donor ai ea in spite of the application 
of a skin graft. In a woman this may be objectionable. Often it is prefciable 
to cover an aiea such as the heel, the external malleoli, or the Achilles tendon 
by means of a skin flap from the anterior thigh as the flap need not have a long 
pedicle. To cover the external malleolus, anterior foot, or external tibial region, 
considerable length to the flap may be required. In such a ease the skin flap 
should be delayed in such a manner as not to jeopardize the blood supply when 
it is transplanted. 
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In 4 cases, with neai’ly the full length of the anterioi* tibial bone exposed, a 
bipedieled lateral flap was raised after a relaxing incision was made in the pos- 
terior calf region. The flap was then brought forward and sutured to the op- 
posite skin and subcutaneous tissue. A skin graft was then placed in the 
•relaxation defect. In only 1 was the result entirely satisfactory. One became 
infected; in the other 2 there was partial central loss, of the flap which necessi- 
tated flap transfer from the opposite calf to give coverage. , 


CUTTING OF THE FLAP AND FIXATION 


To make direct transfer successfullj'^ from calf to leg or foot, tlie calf flap 
should be cut in the line of the blood supply, with the base upward. When cut- 
ting a flap to cover an area on either arm or leg the base should be as wide as 
possible, the length of the flap must be fairly short, and on the leg the flap 
should' always, be taken over the muscular area posteriorly or laterally. A skin 
graft cut with the dennatome from the abdomen or tliigh is applied immediately 
to the denuded area from which the flap is taken and a proper pressure dressing 
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G. 


had suffered a destructive lesion of the anterior part of both feet 
tendon due to a loop traction allowed to stay on too lon^ after a 
ntifT o case we transferred four flaps, one to the top of each foot and 

Tvoc Achilles tendon. Each flap was transferred in one operation and a skin graft 

tito area from which the flap was removed. The flaps were removed from 

me opposite ^If each time and a successful result was obtained. 

r» part of the feet before flaps were transferred. B, shows the flaps transferred. 

C, shows the flap over the Achilles tendon. 


IS applied ovei' the skin graft. The ulcer base and surrouding sear are removed. 
Previously, as a rule; all. slough, dead tendon, fascia, or bone should have been 
removed and the base rendered as nearly sterile as possible by means of repeated 
wet dressings. 'However, in some cases a completely aseptic wound is not obtain- 
able. The resistance of a skin flap to infection is such, however, that with reason- 
able precaution in so far as infection is concerned, no difficulty in union will be 
encountered. Later, especially in the application of the cast, complete asepsis 
m so far as the flap is 'concei-ned is difficult because the flap should be kept under 
direct vision when it is being stitched in place and wdien cast or other fixation 
is being applied if deemed advisable. To hold the arm and hand to the abdomen, 
adhesive strips are usually adequate. There can be no tension ; if the pedicle is 
rotated it must be a very loose twist. Of coui-se, no pressure can be allow'ed on 
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the pedicle after the fixation is applied. Considerable ingcnnily as to cutting 
the flap is required. 'When transferring a flap from one leg to the other the 
proper application of the cast is really the sine qua non of the procedure 
(Fig. 9). 

PLANIAK DUrUCTS 

The common case of this type that one sees is caused by excessive ii- 
radiation of a plantar wart or corn. For one ease iji particnlai- o‘f an irradiation 
bum in a woman involving the whole of the bottom of tlie foot, a large lateral 
flap from the internal thigh was transfei'red dii'cctlj', and for some of the fairly 
lai’ge defects of this nature a calf flap uas used These are hsfed in the preeecl- 


A. 






the"tiottom o£ the foot. 
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iiig group (Fig. 10). Ju .3 instances it was ])ossible to rotate a fla]i from the bot- 
tom of the foot in sucll a manner that the cleieet uas covered. Tliese were all 
eases where the defect vas relative!}' small and located under tlie fir.st meta- 
tarsophalangeal joint. 

BroAvn,“ 1914, lias .stressed the factor of lack of nerve .supply after skin 
flap transplantation to the foot. Theoretically, a patient should not walk on 
the flap until a nerve supply has develoiied but by use of crutches or a cane and 
later by careful padding with foam-latex or neoprene pads in the shoe, plus 
care to aAmid too much trauma or extremes of temperature and attention to 
cleanliness, atrophic ulceration usually ivill be prevented from developing. In 
one of our eases a wart formed between the keratosic normal sole and the flap. 
This was excised and did not recur 


1 
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Pis. 10. — Example of hard scar of the jnner plantar surface of the foot. There had been 
some loss of the ftist metatarsal bone and the lesion was painful and uncomfortable. The 
scar was excised and a flap from the opposite calf was transfeired over the area. The pa- 
tient obtained consideiable relief on walking: A, Before, B, result after application of skin 


CONCLUSIONS 

1. It is emphasized that often a skin flap can be transplanted to the opposite 
leg, ankle, or foot with safety from the calf or thigh region and the resultant 
aseptic denuded base from which the flap was removed covered by a skin graft 
at the first operation, thus saving time and a considerable number of operations. 

2. For a traumatically amputated extremity which exposes bone ivithout 
sufficient soft tissue for coverage, it may be wise to pad the end or the side of 
the bone ivith a skin flap if the maintenance of length or lateral padding is de- 
sirable. This may be true particularly for the hand and fingers and it is ob- 
ligatory if one is reconstructing a thumb by use of a bone graft. 

3. When tendons in such a location as the hand, fingers, or foot are exposed 
or if a joint in any location is opened, it is desirable to get immediate coverage 
by means of a skin flap. 

4. Following a severe burn of the hands and fingers, a skin flap may be 
preferrable to a sldn graft In most instances, however, the demand is for the 
thinner coverage of the skm graft 

5. When a vound has caused loss of the deeper structures including muscle, 
nerve, and bone, and if repaiative operations aie contemplated in the future, 
coverage by a skin flap usually is necessary. 

6. If an ulcerated area persists over laige tendons such as the Achilles 
tendon, over bone such as the tibia, the malleoli or lop of the foot, the application 
of a skin flap is desirable. 
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7. Ovei’ the heel and the first metatarsophalangeal joint, if the skin and sub- 

cutaneous tissue are absent, a skin flap is necessary because of the trauma to be 
sustained hut great care is necessaiy for many months until a nerve supply is 
de%'eloped. \ ■ 

8. Over certain areas excessively irradiated with resultant ulceration and 
pain, especially if the base is of a fibrous nature, the chances of a skin graft 
taking may be nil or minimal, but after proper excision in most instances a skin 
flap vdll become attached and alleviate the discomfort. 
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PRACTICAL ASPECTS OF THE TREATMENT OF BURNS 


Sigmund A. Sieged,* M.D., P.A.C.S.. New York, N. Y., Leonard V. Marrone, 
M.D.,t Utica, N. Y., and Donald Gordon, M.D., F.A.C.S. 

New York, N. Y. 

(From the Surgical Service of Beehman Hospital, New YorTc, N. F.) 


W E OFFER no apologies, in the presence of the recent voluminous literature 
on this subject, for presenting certain factors from our experience ivith 
bums at the Beekman Ho.spital which we believe may be of help to others who 
have to treat these lesions. 

The problems presented by burns have been of outstanding interest to one 
of us (D. G.) for thirty-five, years, and, thus, it is of the greatest interest to note 
the success recent developments have made in preserving lives by plasma, trans- 
fusion, fluids, etc., until the vicious cycle of shock and hj^poproteinemia has 
been broken, allowing the victim to survive and permit healing of his wounds. 

It is our purpose to present procedures and observations which, though 
apparently duplicating published methods, we will emphasize ' wherein they 
differ and what we feel are advantages. 

The Beekman Haspital Ambulance District embraces a large section of 
downtoum Manhattan, affording a cross section of an old Metropolitan City, 
buildings from the oldest to the newest, with social and economic strata em- 
bracing the Bowery, Chinatown, and the financial center of Manhattan. There 
is a very high atmospheric dust content from steam plants and industrial ac- 
tivity contaminated from unclean streets, horse tracking, fish markets, ship- 
ping ’etc ■ Many of our victims come from lodginghouses and small industrial 
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plants not under the sanitary supervision of -welfare ])ersonnel. Victims froni 
such soui’ces lacking facilities for simple cleanliness present a hackgi’ound for 
gross contamination of any wound at its reception, to wliich is commonly added 
malnutrition and alcoholism Avith vitamin deficiencies. 

In the presence of such possibilities for wound contamination. 'it is oui’ 
present belief, from our experience with .so. little clinical evidence of infection, 
that burns arc relatively clean wounds immediately after the burn has occurred 
and remain so until contaminated by a source of infection, such as the handling 
of the patient and the means taken to extinguish the flames of burning gar- 
ments bj'- rolling on the floor, in I'ugs, etc. Iji a case of an explosion Avhere all 
or a greater part of the clothing is blown from the body, esjAccially over the 
burned area, or where the exposed parts, as face, neck, hands and arms arc 
burned, it appears to us that a degree of heat which will produce a severe sec- 
ond or third degi'ee burn Avill destroy surface infection in a measure comparable 
to the desti'uction of the tissue which is injured, and infection Ls largely due to 
subsequent, con tamination . 

We subscribe most definitely to the immediate covering of burned areas Avith 
sterile dressings AA'herc normally cxpo.scd surfaces arc burned. This can be, 
and is, done from the first-aid ambulance kit. In extensiA'c burns AAuth the 
clothing destroyed in aa'IioIc or in part, aa'c believe in our ambulance attendants 
covering the Auctim quickly Avith one or tA\'o sterile sheets before coA'ering him 
AA’ith the ambulance blanket. These sterile sheets are carried in a sterile pack- 
age in the ambulance for such eases and afford a large degree of protection from 
immediate contamination from the ambulance blanket, Avhieh is a potent soAirce 
of infection even though relatively clean. 

When the patient is brought to the emergency room, the surgical staff and 
charge nurse on the floor arc notified. It is the dutj' of the UAU’se to direct 
preparation of the burn bed and haA'c in readiness, at the bedside, the “burn 
cart” Avhich Avill be described in more detail later. The surgical staff makes 
its appraisal, and decisions are made as to the urgent needs of the patient. 
Morphine, in sufficient dosage to control pain, is given immediately. Shock 
therapy or prophylaxis should begin at this time in the more serious cases. 
While the patient is on the stretclier at the bedside, all clothes are completely 
removed before he is placed in the burn bed. All personnel Avear sterile gOAims, 
gloves, caps, and masks. Tlie patient also Avears a cap and mask Avhere the fore- 
head and head are not burned. Necessary laboratory procedures are then car- 
ried out. Plasma, transfusions, fluids, and electrolytes arc given, according to 
the need as determined by laboratory and clinical findings. In the extensively 
and critically burned AA^ho are on the brink of profound shock, it may be harm- 
ful to subject them to the painful and shock-producing procedure of extensive ■ 
cleansing and debridement. It is advisable in these cases to apply immediately 
the “petrolatum poultice.” In all others, simple cleansing and I'emoval of 
loose tissue is carried out before the poultice is applied. The cleansing, Avith 
the use of detergents Avhen indicated, includes a considerable area beyond 
the involved portion. An accurate c.stinuitc of the extent and probable degree 
of the burn is recorded. ' 

The procedure to bo used folloAving the preliminary preparation depends 
on the extent and depth of the burn, together Avith the temperature outside. 
In cold Aveather petrolatum poultices AAuth supporting pads may be used freely. 
In hot Aveather, AA-here the extent of the burned area calls for so complete a 
covering of the body Avith heat insulating dressings, one can add insulation 
heat stroke to burn toxemia, as exemplified in one of our natients AAuth third 
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clegi'ee bui’iis from midthighs to ankles, and second degree hui'ns of the body 
from nmbilicns to and including face, neck, and arms, who reeovei’ed with a 
minimum covering of the ljumed area. The outside temperature was 90 to 94° 
F . for over two weefe. One must not overlook the fact that the Cocoanut Grove 
disaster occimred late in November when swaddling dressings might be desirable 
for warmth. Under high outside temperatures the dressings are reduced in 
extent to a minimum with petrolatum poultices to the third degree lesions. The 
patient is placed on a stei’ile sheet under a tent arranged for controlling the 
inside temperature, to which is added a fly net. 



Fig 1 — Beekman Hospital bum cart 

The “burn cart” was conceived by one of us (L. V. M.) and its contents 
determined with the same idea behind its use as the well-known ‘ ‘ fracture cart. 
It should be large enough to hold a complete supply of materials for the treat- 
ment of several serious bums simultaneously. It should be mounted on whee s 
swveled at one end so that it may readily be wheeled where needed. Frg- 1 
shows a burn cart we have constructed from an old wooden cabinet. It s an s 
441/. inches high, 43 inches wide and 17i/o inches deep. Fixed to one end is a 
eledric sterilizer for heating our unguents or sterilizing instruments. On 
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flat top is arrayed slerile solutions in flasks. Six drawers ,iust under tkc top 
contain the numerous .smaller itenrs, ivitli an index of contents on the front 
of each one. Just below these arc tivo sliding work shelves. The lower portion 
contains the bulky sterile items enclosed by sliding doors, l^ollowing is a li.st 
of contents: 


Sterilizer 

Mineral oil, 2 liters 

'Detergent solution 

Boric acid solution, 250 c.e. 

Cotton waste, batting 

Sterile gloves 

Instruments 

Sulfanilamide powder 

Masks and caps 

Adhesive 

Safety pins 

Knife blades 

Bandages, 3, 4, 5 inches 

Bandage scissors 

Boric acid solution, 500 c.c. 

Benzine 500 c.c. 

Alcohol 70 per cent, 500 c.e. 
Peroxide 500- c.c. 


Carbon tetrachloride 500 c.c. 

Castor oil, 2 ounces 

Vaseline gauze, 2 tins 

Boric acid gauze, 2 tins 

Sterile leg roll, 1 dozen 

Gauze pads 4 bj- 4 inches, 10 packages 

Gauze pads 2 by 2 inches, 10 packages 

Green soap 

White soap 

Sterile gowns, 3 

Combines, 12 

Boric acid ointment, 5 pounds 
Petroleum, 5 pounds 
Tongue depressors, 4 dozen 
Irrigating cans 
Sterile bed linen 
Sterile basins 

Sterile bandages, 3 to 4 iii., 3 dozen 


We highly reeoiumcnd a cart of this type for use in the acute hospital when one 
or more bum cases are admitted. 

The most important and immediate consideration is the prevention aird 
treatment of shock. To this end, morphine in adequate doses, with due con- 
sideration for youth or old age, should be given. One-half grain should be 
the initial dose for adults. This maj”- be repeated in one hour, each specific 
dose being ordered as necessary. Usually after preliminary sedation, one-quarter 
grain every three or four hours will suffice. Where involvement of the respira- 
tor 3 ^ tract is suspected, morphine ih small doses maj' be given for other direct 
indications. The loss of plasma from the burned surface maj’^ be huge. This 
must be replaced from external .sources. AVhere possible and indicated, it is 
wise to begin the administration of plasma on admission. Conceivably some 
severely burned individuals maj'' not shoAv a great departure of their chemistry 
from the normal within one hour from the reception of the injury. However, 
all such patients receive plasma. A limited balance can be maintained bj^ 
protein reserves and sacrifices bj'’ the uninjured tissues. Acute loss can be 
built up quicklj' bj-- administration of plasma. One needle puncture may serve 
to secure the blood specimen for tjTiing, hematocrit and to begin intravenous 
therapj-. The hematocrit, falling drop, hemoglobin, and red blood count are 
the tests to judge the requirements of intravenous therapy. Burned patients 
do not need vdiole blood in the initial stages. Subsequent anemia aauU in- 
variably develop at which time transfusions may be administered. Concentra- 
tion of the blood, ivith the beginning of shock, tends to help establish a vicious 
c.vcle continuing stasis and anoxemia. We prefer to administer 100 c.c. of un- 
diluted plasma for each point above 45 per cent cells on the hematocrit for the 
tfeatment and prevention of shock.^ Marked difficulties still exist in deciding 
about the need for other fluids. Intravenou-s normal saline or 5 per cent glu- 
cose in distilled ivater maj^ be given to encourage a ui-inary output of at least 
1,500 c.c. in twentj'-four hours. Cldoride determination in the urine, if in- 
dicative of less than 4 Gm. of sodium chloride excretion in twenty-four hours, 
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shows the need ior intravenous saline. The oral route for fluid intake is 
ferred and should be encouraged whenever possible. Coffee, weak tea, 
bonated drinks, and fniit juices are excellent. Often during the early day 
convalescence, inanition and loss of appetite develoii, preventing the nat 
ingestion of food fi'om aiding in elevating depressed ])la.sina pi'oteins. ' 
lurtlier hinders the healing powers of the tissues. For these patients, we 1 
tried to anticipate and have used a Levin tube through the nose into the store 
connected ■with a drip feeding of pabulum for prophylaxis against the deve 
ment of low proteins. The formula is the same as is used in jejunostomy f 
ings in postgastinc resection cases. We have found tliis to be dramatic in 
efficiency. 

We emphasize strongly that Ave feel burns at their inception are eh 
Usually thej' do not require extensive cleansing unless obAuously contamina 
Purthei'inore, a patient precariously on tlie borderline of impending slioek i 
1)6 seriously injured by overzealous treatmoit. For practical purposes Ave 
JoAv a simple plan. The more extensively and deeply binmed, the less rad 
treatment. When the patient is coA’cred Avith grease or dirt or has brush bu 
AAu clean lightly and irrigate Avith detergents and .saline .solution, using ga 
sponges. Imbedded iiartieles, esj)eeiall.v on the face, should be remov 
Detergents haA'^e been iiiAmluable in limiting , excessiA'e scrubbing. Loose ( 
dermis is removed. Blisters and intact sldn are not debrided. The usual bi 
patient, on arriA'al at the hospital, receives systemic therapy and immediat 
has the boric acid poultice applied. Occasionally, the area may be ligh 
dusted Aath sulfanilamide poAvder. Sulfadiazine or one of the other sulfom 
ide drugs Avith equal or someAA'hat greater amounts of the alkaline salts are 
variably administered by mouth. 

Where burned areas are to be exposed they a)’e covej-ed Avith a layer 
petrolatum or borated petrolatum to a thickness of one-third of one inch, iisi 
a sterile rubber gloA-e on the hand to applj- it. If the surface is too moist fr 
exudation and difficulty is encountered in getting the ointment to adhere, 1 
grease should be put in a sterile container, such as a small sterile pitcher, a 
heated to a degree Avliere it AA'ill not run too freely, and Avhen poured aaIU ) 
as soon as it strikes the moist siu-face. The temperature should not be of 
degi’ee to cause the least discomfort to the patient. As the ointment sets 
should be built up to one-fourth inch thickness and ke])t there continuous 
in. usmg a borated petrolatum, or Avherc a medicament is in svispensiore in 
grease base, one must be careful to aA'oid ]>7’ecipitation of the drug by too gre 
a degree of heat. If such occurs, cooling in a Avater bath of ice Avater Avhi 
it is stirred Avith a sterile tongue depressor will restore the suspension. Tl: 
procedure Avorks excellently on second degi-ee burns of exposed parts of the bo( 
such as face, neck, hands, and forearms. In extensive second degree burns of tl 
body including tnmk and back, as the' ointment melts and runs doAv'n onto t! 
sterile sheet, a most perfect petrolatum pre.ssure dressing is afforded the bae 
Avith compression Ainder Avhieh condition epithelization is rapid. 

In cases of third degree and deep second degree burns Avhere there is cor 
plete epithelial loss betAveen the glandular epithelium, Ave find that usm 
borated or petrolatum gauze, in the form of Avhat we have called a petrolatui 
poultice, affords the greatest comfort to the patient, requires infrequent dres 
ings appai’ently diminishes lymph loss, and promotes epithelization in a Aj'a 
Avhich exceeds any other technique Ave have tried. It should be understood tha 
this Avill not take the place of skin grafting, but from our experience, it ne p 
develop the quickest and healthiest granulations, Avhile the slough is separati . 
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•afforcliug a base for skiu grafting on tJiird degree areas wliile promoting and 
protecting epitlielization on nearbj' areas of second degree lesions. 

A criticism of the thick petrolatum dressing or poultice might be that it 
macerates tissue by preventing tlie exudate from being absorbed by the dressings. 
In answer, we would state that, except in the cose of a clean sutured incised 
wound of ihe sldn, we are luiable to recall any healing i^rocess which takes 
place in the body without the presence of tissue fluids either infected or other- 
wise. Furthermore, we have not seen any maceration with this technique. In 
our experience maceration occurs only with the improper use of wet dressings. 

The petrolatum poultice consists of enough pieces of petrolatum or borated , 
gauze to form a thiclmess of at least three-sixteenths to one-quarter inch. This 
is not laid on piece by piece but in the thickness described. Purthennore, it is 
laid on longitudinally with overlapping edges and extending Avell beyond the 
burned area. These are covered with Dakin pads which are bandaged fiimly and 
comfortablj' but not too snugly. The consistency of the poultice with the ex- 
ternal dressings acts as a fair siflint. We insist on elevation of the burned 
limb above the heart, and the upright sitting position where possible, for burns 
of the face, head, and neck, to diminLsh hunph loss and swelling. Controlling 
the swelling in this way, not only diminishes the Ijmph loss but also, with oc- 
casional dependent periods, promotes vascfilarit}" of the granulations and epithe- 
lization on second degree burns or following skin grafting by avoiding postural 
ischemia. 

High caloi’ie, high protein, high vitamin diet is given when tolerated. We 
make an effort to see the tray as it leaves the patient rather than when it is re- 
ceived, There should be no delay in noting loss of appetite, since many of these 
patients are already suffering from subclinieal malnutrition. Serious decreases 
in protein may occur in a short time in the.se seriously ill patients with poor 
healing, general debility, and infection.^ Intake and output of fluids should he 
recorded. Most important is a urinaiy volume of at least 1,500 c.e. with satis- 
factory specific gravity and about 4 Gm. of sodium chloride excretion in twenty- 
four hours. During periods of exces.sive humidity and heat it may not be prac- 
tical to use the bulky dressings neeessaiy with the present-day pressure dressing 
technique. Heat loss, both by radiation and evapoi’ation, is impaired and may 
be the cause of heat stroke. Air conditioning apparatus would solve this prob- 
lem. Seott-Ivy Pabulum, with forced intragastric feedings, may be used when 
loss of appetite interferes with satisfactory ingestion. 

Dressings are done every three or four days when slouglis are present, a 
week or ten days othei’wise, Avith reinfoi’cement as neeessaiy. The major loss 
of plasma continues for about twenty-four to thirty-six hours. Dressings should 
be snugged especially during this period and for a variable lime thereafter. If 
infection, excessive odor, or lack of comfort i-esults, the dressings may be re- 
moved for inspection. For pyocyaneus infection, we have used boric acid 
ointment. AVhere minute pustules appear in epithelized areas, we have found 
1 per cent salicylic acid in boric acid ointment of great help v'^hen used locally 
over the pustule. Tlie dressings slide off as soon as the bandages are cut, neither 
sticking, nor leaving any bleeding points, nor causing discomfort. Where 
sloughs are present, there wiU be an odor. The loose edges and centers of these 
sloughs are removed as indicated without causing any bleeding. In removing a 
dressing, a considerable exudate null be obvious. One should not look on this as 
ah expression of infection, unless other signs of infection exist. The Avound 
is irrigated AAuth a detergent solution, weak peroxide and neutral soap, folloAved 
by saline solution. Except AA'hcre sloughs exist, most of the odor will disappear 
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after cleansing. Infected bnrns are treated Aritli the usual -wet dressings as are 
other infections followed hy early skin gi’aftijig when infection has subsided. 
AVe have not seen the need for bacteiuologic studies to indicate when this may 
be done. Healthy appearing granulations have been a satisfactory guide. 

To get an accurate evaluation of the degree of epithelization and its prog- 
ress, the wound should be left exposed for a few moments until the surface 
moisture has dried slightly, then ^’iewed wdth a magnifying glass using oblique 
illumination from a flashlight. AYherc a portion of the granulating area appears 
dry in contrast to an area obviously moist, one can be assured that the dry area 
is covered with a delicate epithelial layer, which is not apparent in the moist 
state. Commonly extending along the advancing edges of the new epitheliimi, 
there is a faint pinkish-red line. For many years, one of us (D. 6.) has studied 
this pink line in determining the degree of advancing epithelium on granu- 
lating areas on patients. Howes' mentioned this red line observed in studies 
of epithelization on the rabbit’s ear. If it is studied carefully under a mag- 
nifying glass, using oblique illumination, it Avill be seen that the line is fomed by 
a slight concave depression below the surrounding surface. It' has appeared 
to us that this depression is covered only by a single layer of epithelium, which 
restrains the underlying granulation tissue from becoming redundant at the 
edges of the advancing epithelium and interfering with its pi'ogress, an ex- 
ceptional example of the inhibitory power of epitheliiun on granulation growth. 
Where this line exists, or where there are no redundant granulations, it is ab- 
solutely contraindicated to use silver nitrate. The expression one hears of using 
the latter to “promote granulation” is an absohite fallacy, as its action is en- 
tix’ely destructive. Unless there is an ischemia from underlying scar tissue, 
granulation tissue requires no stimulation other than that which nature affords. 
Before redundancy occurs, the marginal granulation can only be restrained by 
advancing the epithelium by dre.ssings whieli will not adhere and desti’oy it on 
their removal. AVe find this can be done best by dressings containing an ade- 
,ciuate amount of plain or boraled petrolatum, to be followed by .skin grafts as 
soon as the sloughs have separated. 

Sldn grafting is accomplished as early as possible. AAnien the first dress- 
ing is done, an apprai.sal is made of the third degree areas. Second degree 
bums may be completely healed. AYliere slough is definitely slow in separating, 
surgical excision Avill greatly shorten the period of Avaiting. If clean areas 
alternate Avith infected areas, skin grafting need not be delajmd on the clean 
areas. Pinch grafts insure the greatest degree of success but may only be used 
on certain portions of the body. If the individual grafts are placed closely 
together, the cobblestone effect Avill be diminished. The primary dressing for 
.skin grafts is the paraffin me.sh gauze Avith adhesive and covered Avitli dry 
gauze. AVhen the graft has adhered aa'c use the petrolatum poultice to enable 
the epithelium to spread. 

Before the sulfonamide drugs appeared, Ave used borated petrolatum m 
large amounts and still do for its ability to prevent pyocyaneus infection and 
its capacity of adhering to moist surfaces, AAdien it is brought to the proper tem- 
perature. Though aAvare of is possible toxic action, Ave haA^e not observed anjA 

AVe use one of the sulfonamide drugs locally and orally to combat infec- 
tion, AAdienever we feel thej' are indicated. 

AVhere applicable on limbs we have made irse of the Avhirlpool bath to ai 
in separating sloughs and to improA'e vascularity under healed areas, Avhic 
have been skin grafted as soon as they Avill tolerate moisture. 
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Contractures are combated by placing the limbs in extension and splinting 
them to prevent muscle spasm inducing contractures. If the dressings are 
voluminous enough they will sometimes be sufficient, provided they are made 
comfortable, Avhich the thick grease dressing does. Where feasible, elevation 
is arranged by suspension from an overhead fracture frame, which permits move- 
ments, active and resistive, at the earliest possible time. We have used these 
“resisted” exercises in flotation to overcome muscle spasm and increase the 
range of motion of major joints. With the aid of pulleys at each end of the bed 
arid light, graduated traction Aveights, the extensors and flexors arc exercised al- 
ternately and independently. The value of this type of muscle exercise has been 
little appreciated. We have used them successfully in many types of injuries. 

Such exercise tends to diminish all the factoi-s which predispose to spasm, 
atrophy of tissue, and contractures, thus avoiding some of the sequelae of 
burns. The cooperation of the patient in doing llicsc exorcises cannot be ob- 
tained unless these movements arc without pain or discomfort. 
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MORTALITY FACTORS IN ACUTE APPENDICITIS 

Captain Stanley 0. Hoerr, Medical Corps, Army op the United Statics 

A LL reports of patients with acute appendicitis operated upon at the Peter 
7 ^ Bent Brigham Hospital in the years 1913 (when the hospital first opened 
its doors) through 1940 were reviewed in a previous publication.^ It was sur- 
piising and disappointing that an analysis of mortality rates by five-year 
periods failed to show any appreciable improvement with the passing of time 
(Table I). Even during the last period, when much might have been expected 
of chemotherapy in this field of surgery, patients Avere lost despite heavy treat- 
ment with sulfonamides (Table II). Furthermore, the mortality figures do not 
differ gi-eatly from those reported from comparable institutions (Table 111).’’“’ 
Tlie failure to improve ivith the passage of time stimulated a detailed 
study of all the fatal cases during this tAventj’^-eight year period in an effort to 
shed further light upon factors in management ivliich influence the mortality. 

The series is a selective one to this extent ; children under the age of 12 are 
not included ; neoplasm or tuberculosis of appendix or cecum is excluded even 
if associated ivith acute infection. 

There are 106 recorded deaths from acute appendicitis from 1913 through 
1940 (Table no. There were autopsies hi 56 of the total deaths, or 53 per cent. 
Five patients had no operation and hai-e been eliminated from this study; these 
cases actually prove only that a patient may die ivithout operation, and con- 


Rcceivcd for publication, Feb. 7. 1945. 
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Table I. Analysis of Deaths Fkom Atpendicitis — Mortality Rate by Pive-Year 

Periods* 


YILUtS 

total cases 

DEATHS 

mortality (%) 

1913-1920 

473 

26 

5.5 

1921-1925 

•122 

17 

4.0 

1926-1930 

405 

15 

3.7 

1931-1933 

370 

17 

4.5 

1936-1940 

518 

25 

4.8 

1913-1940 

2,195 

100 

4.6 


» Operative deaths only. 


Table IT. Analy.sis of Deaths Pro.m Affekdicitis- 

Therapy 


-Patients Receiving Sulfanilamide 
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1938 

25 

u 

Perforated 

Iliac fossa* 

No 

5 

B. coli 

No 

Yes 

2 

1940 

69 

M 

Abscess (li-D) 

Iliac fo.ssa) 

Yes 

o 

B. coli 

No 

Yes 

7 








nonhcni. 
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1940 

67 

M 

Porf orated 

Ri’lio-ilcaU 

No 


B. coli 

Yet. 

Yes 

•1 


•Patient 

had a very toxic 

course 








tDeath from pylephlebitiR 
JDeath from progres.Rive pcritonlti.s 


Table III. Analysis of Deaths F'rom Acute Appendicitis — Mortality Rates in Leading Clind 




.VeUTE 

unruptored 

APPENDICITIS 

ACUTE 
PERFOR.ATED 
APPENDICITIS i 

appendical 

abscess 

totai 

j 1 

AUTHOR 

micro- 

scopic 

control 

CASES 

1 JIOR- 
TAMTy 

1 (%) 

. .MOR- 

Itality 
cAsr.s 1 (%) 

CASES 

j MOR- 
TALITY 

1 (%) 1 

1 ^ 

CASKS 1 ( 

• =ch and Spivack, N'etv York, 

Ye.s 

492 

0.4 

.32 

13.5 

91 

6.6 

633 

Beth Israel Hospital, 19.31- 
36 

Davis and JIcLaughlin,! Oma- 

(I 

784 

0.5 

124 

13.7 

50 

S.O 

958 

ha, U. of Neh. Hospital, 
1932-1938 

Reid and Montanus, Cincinnati. 

'7 

583 

1.0 

209 

17.2 

129 

10.1 

921 

Cinn. Gen. Hosp., 1934-1938 
Haggard and Kirtlej', Nash- 

>r 

2,007 

0.6 

189 

24.8 

417 

5.8 : 

2, 61 .3 

ville, Haggard Clinic, 1915- 
1938 

Stafford and Sprong, Balti- 

7 

838 

0.0 

196 

14.2 

283 

7.1 1,317 • 

more, Johns Hopkins Hosp., 
1931-1939 

Cutler arid Hoerr, Bo.ston, 

Y'es 

1.604 

1.2 

339 

17.1 

247 

7.3 2,1 92 1 


Peter Bent Brigham Hosp., 

1913-1940 

’Figures adapted and made comparable to tho.sc of Peter Bent Brigham Hospital. 
tThis series e.xcludes entirely five moribund patients. 

JTotal figure includes trvo anesthesia deatlis. 


Table IV. Analysis of Deaths Prom 


No operation 

Operation at another hospital 
Death in the operating room 
Death from extra-abdominal causes 
Death from progressing appendicitis 

Total 


Appendicitis — Patal Cases 
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tribute uotliiug to a stud}^ of operative inanagoineiif. In one instance operation 
was performed in another liospitaT and for this no responsilnlity is assumed. 
Two patients died in the 'operating room, prc.sumab]y from anesthesia. Biglilcen 
died from causes which are arbitrai’ily called extra-abdominal ; in these patients 
tile appendicitis was controlled as far as could be judged from the clinical course 
and from the autopsj'- when one was done (Table V). There remain SO patients 
in whom death occurred as a re.snlt of iinchecked apjicndicitis or its direct com- 
plications, that is. from abdominal causes. 

Table V. Anaia'sis of Deaths Prom ArrENmciTis — E xtra-abdominal Causes oi’ DEAi'n 


Pulmonary embolism 

9 (A’oungest ago 45) > 

Pneumonia 

2 

Coronary occlusion 

1 

Diabetic coma 

1 

Hemorrhagic purpura 

1 

Diabete.s and nephritis 

1 

Uncertain 

3 

Total 

IS (0 younger than 50) 


Cases have been placed in one of three groups; acute perforated appendicitis 
if a gross perforation was described either by the surgeon or by the pathologist ; 
appendical abscess if the surgeon found localized pus; acute unruptured ap- 
pendicitis if there was no localized pus or giuss perforation. In all cases when 
the appendix was removed there was microscopic verification of the ojierative 
diagnosis. 

The criteria for grouping described here are not without disadvantage, 
but they are simiile and applied with relative ease. Many cases of severe 
appendicitis with gangrene, and even a general peritonitis with a positive peri- 
toneal culture, have been placed in the unruptured group because there was 
no gross perforation ; an appendix broken in removal has likewise been regarded 
as unruptured. This has been necessary to avoid inconsistencies in the estimate 
of the extent of the peritoneal involvement by the many different surgeons. 
Although the peritoneal culture offers an accurate means of determining the 
presence of infection beyond the appendix, it could not be used as a criterion 
in this series because of the infrequency Avith which cultures were taken fifteen 
or tAventy yearn ago. 

Attention has been focused ipjon the 80 patients Avho died of pi'ogressivc 
appendicitis. It is reasoned that the extra-abdominal causes of death are com- 
mon to all types of disease, medical as Avell as surgical, and cannot directlj' be 
related to factors in the management of acute appendicitis. In death due to 
abdominal causes, on the other hand, it must be assumed that in each instance, 
for Avhatever reason (not the least being delay in hospitalization), the ap- 
pendicitis AA'as inadequatelj^ treated. 

The study has been deA’eloped in tAvo Avays: first, a consideration of the 
clinical aspects of the fatal cases; second, a modification of previouslj^ derived 
mortality statistics bj^ excluding those cases in AAdiich death Avas not direetlj^ at- 
tributable to the abdominal disease, as in pulmonary embolism or coronary 
thrombosis. 

analysis op DE.ATHS niRECTLY DUE TO PROGRESSIVE APPENDICITIS 

Chief Clinical Features in Abdominal Deaths . — It is to be expected that 
the patients in the A'ast majority of these fatal cases already haA^e adAmnced 
appendicitis at the time of operation. This is borne out by the fact that at 
operation SB had perforations, 14 had appendical abscess, and only 13 of the 
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80 'vvere nnruptiirecl. In Table. VI is indiealed in the ordex’ of iveqaemy tlie 
pi’ineipal clinical feature of the fatal cases cros.s-a)ialyzcd with I’espect to the 
findings at the time of operation. A peritonitis which continued to develop 
despite the operative procedure accounted for 22 patients; 17 died within 
fourteen days of the initial symptom. Next in frequency was the existence of 
two or more persistent and undx’ained abdominal abscesses; more than one-half 
of the patients (6 of 11) lived more than fourteen daj’s after the initial S 3 Tnp- 
tom. Nine suffered from a seiaous extra-abdominal disease as well as progressive 
peiatonitis : ' 4 had diabetes, 2 had heart disease, and 1 each had clu'onic 
nephi'itis, pulmonaiw tubei’culosis, and massive pulmonarj- atelectasis. 

T-Vble VI. Analysis of Deaths Pnoxi Appendicitis — Chief Clinical PEATur.E in 
“ iUiDOxnNAL” Deaths, Acute Appendicitis ' 
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Promptness of Operative Treatment . — It has long been recognized that de- 
lay in operation when acute appendicitis is in its early stages is perhaps the 
greatest single factor contributing to mortality; thp generally accepted reason 
is that delay permits the complications of free perforation or abscess formation 
to take place. Only 13 of the 80 patients were operated upon within the lii-st 48 
hours of the disease. In Table VII tlie operative findings are described as re- 
lated to the duration of the disease. This table merely notes delay and docs 
not assign the blame to patient, phj'sician, or hospital. Of interest is the fact 
that unruptured appendicitis was found as late as four days after the initial 
sj’mptom in two fatal cases. 


Table VII. Analysis of Deaths Deom Appendicitis — Opei!Ati\’j: Findings Eelated to 

Duration of Symptoms 


DURATION OF SYMPTOMS TO OPERATION 

TYPE 

OF APPENDICITIS 

UNRUPTURED 

perforated I 

ABSCESS 

48 hours or less 

4 

8 

1 

49 to 72 hours 

4 

11 

- 

73 to 96 hours 

3 

15 

2 

More than 4 days 

O 

19 

11 

Total 

13 

53 

14 


In Table VIII is shown the extent to which the hospital must assume re- 
sponsibility for delay in operation. It is indeed strildng that 58 patients, nearly 
3 out of 4, were operated upon within six hours of reaching the liospital; this 
clearly points the lesson that speed in getting the patient to the operating room 
will of itself not save these lives. The fatal delay in these patients must be 
assumed to have taken place before they reached the hospital. 

Table Vni. Analysis op Deaths From Appendicitis — Hospital Delay in 

Operation 

No delay (operation within 6 hours) 58 

Delay more than 6 hours 22 

Refusal of patient 2 

Diagnosis uncertain 16 (6 longer than 24 hours) 

Diagnosis certain, therapeutic 4 (all longer than 24 hours) 


Occasionally patients wifi, die even if operated upon promptly after the 
onset of symptoms, but they do not reach impressive numbers. Only 6 pa- 
tients in the present series died after an operation performed within thirtj’' 
hours of the first symptom, less than 8 per cent of the fatal cases; details are 
given in Table IX. It is significant that 5 had received cathartics, that per- 
foration had already taken place within the thirty hours in 5, and that 3 had 
a fulminating infection. All of the patients were 45 years of age, or older. All 
of the cases occurred before chemotherapy was available. Perhaps the sul- 
fonamides would have saved some of them. 


Table IX. Analy'sis of Deaths From Appendicitis — Operation Within Thirty Hours 

OF First Symptom 


YEAR 

Age 

SEX 

TYPE OP 
APPENDICITIS 

LOCATION 

CATHAR- 

TIC 

TOTAL 

SURVIVAL 

(days) 

COMilENT 


1913 

4V 

M 

Perforated 

Hiac fossa 

Tes 

11 

Multiple abscesses 


1925 

45 

M 

TJnruptured 

Pelvis 

Tes 

4 

Fulminating course 


1929 

67 

F 

Perforated 

Hiao fossa 

Tes 

13 

Marked ileus 


1932 

47 

M 

Perforated 

Eotroeeeal 

Tes 

O 

Fulminating course and mas- 
sive pulmonary atelectasis 

1936 

49 

M 

Perforated 

Pelvis 

?No 

10 

280 lb. severe diabetic; 
tiple abscesses 

mul- 

1938 

57 

M 

Perforated 

Retro-ileal 

Yes 

c 

Fulminating- conr.se 
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Table X . Analysis of Deaths Fkoxi Appendicitis — ^Uncertain or Incorrect Preoperativf, 

Diagnosis* 


PRESUMPTIVE DIAGNOSIS 

NUMBER 

CASES 

OPERATIVE DELAY 
NONE 1 7-24 HR. 1 

25 HR.-i- 

Intestinal obstruction 

6 

2 

4f 


General peritonitis, unknown cau.Kc 

3 

1 

1 

1 

Penal disease (?) 

3 

1 

- 

2 

Biliary tract disease ( ?) 

3 

1 

2 

- 

Gynecologic disease ( ?) 

O 

- 

1 

1 

Perforated peptic ulcer 

1 

1 

- 


“Medical disease” 

Tj-phoid 

1 



1 

Pneumonia 

1 


1 

« 

“Appendicitis unlikely” 

3 

- 

o 

1 

Total 

23 

G 

11 

6 

•23 cases: 3 unruptured, 14 perforated, 6 abscess, 
tone patient refused operation temporal ily. 





As far as hospital delay is concerned, the most chaUen^jing prolilem is pre- 
sented by the patient 'whose operation is postponed because of uncertain diag- 
nosis. In Table X arc particularized the fatal cases Avhich presented initial 
diagnostic difficulties (although in 6 instances it did not result in appreciable 
delay). There is little to add since the protean manife.stations of acute ap- 
pendicitis are widely appreciated. One must -weigh in each individual the dis- 
advantage of delay in a possible appendicitis against the advantage of not op- 
erating upon a patient critically ill ■with coi’onaiy thrombosis, pneumonia, or 
nephritis. Cases in 'u-hicli the patients have been spared operation by judicious 
observation are not tabulated in this paper, nor is it easy to find these records 
in hospital archives. It is ■worth noting, however, that of the 23 patients who 
were diagnostic problems, in onlj- 8 were conditions suspected in which ab- 
dominal exploration would be contraindicated, that is, renal disease, “appendi- 
citis unlikely,” and “medical” disease. Bai'licr operation as a step in diag- 
nosis should be considered when the differential lies between appendicitis and 
such conditions as intestinal obstruction or acute salpingitis, utilizing, if neces- 
sary, two incisions (exploring the appendix first) in order to avoid tragic de- 
lay. 

Operative Procedure . — In Table XI is shovm the operative procedure which 
was carried out in the 80 cases. The conclusion one reaches is that some pa- 
tients will die irrespective of the procedure earned out. Except for the lo- 
calized abscesses there will be few occasions when appendectomy cannot be car- 
ried out. On these grounds one may question the circumstances in which a 
simple incision and drainage was the only procedure done in 6 patients, with 
free perforation. Actually, however, in 3 cases appendectomy was not carried 
out because the appendix could not be readily found and was presumably so 
necrotic that it was no longer recognizable; in 1 case operation was carried out 
through an upper abdominal incision under the mistaken diagnosis of acute 
cholecystitis, and the correct diagnosis was found only at post-mortem; in the 
other two instances surgeons of experience operating upon desperately ill Po- 


table XI. 


Analysis or Deaths Prosi 


ArPENDiciTis — Operative Procedure 


TYPE OF APPENDICITIS 


A PPENDECTOMY 

NO drains [ DRAINS [ENTEROSTOMY 


INCISION AND D BAINA0E_ 
SIMPLE lENTERoirOU^ 


■Unruptured 

Perforated 

A'bscess 


2 11 

1 41 

7 

3 59 



Total 





IIOERR: MOKTAUTY FACTOKS IN AOUTJ; APPENDICITIS 

( 

tieuts contented tliemselves with tlie simplest operative procedure and perhaps 
avoided a fatality on the operating table f iverohy. 

A ci’oss-analysis of the location of tlic a])i)cndix with reference to the type 
of incision is given in Table XII. Four patients with pelvic appendicitis were 
operated upon' tlirough a JIcBurney incision; 15 patients Avitli retrocecal ap- 
pendicitis had right rectus incisions. Althougli a reversal of these incisions 
might have been more suitable, only one-quarter of the patients is involved, 
and it is obviously not a matter of first magnitude. Furthermore, the disagree- 
ment existing between surgeons of wide experience is evidence that the choice 
of incisions is not of fundamental importance. In this clinic we happen to in- 
cline to the jMcBurney incision as the one of preference in all instances ex- 
cept pelvic appendicitis or in diagnostic problems in women. To revert to finst 
principles, however, one may say that the proper incision in any given case is 
the one which will give the surgeon the best access to the appendix with the least 
disturbance to the remainder of the peritoneal cavity. As in one case in the 
present series, such an incision may occasionally be in the left upper quadrant 
(where the undiagnosed appendicitis laj’’). 


Table XII. Analysis of Deaths From Apfendicitis — Location op Appendix Belated 

TO Operative Incision 


LOCATION 

number I 
• CASES 

[ INCISION 

1 RIGHT RECTUS] 

MC BURNEY j 

MIDLINE 1 

! OTHER 

Iliac fossa 

35 

22 

7 

6 

- 

Retrocecal 

22 

15 

6 

- 

1* 

Pelvis 

18 

12 

4 

2 

- 

Ketro-ileal 

2 

1 

1 



Subhepatic 

1 

- 


1 

- 

Left upper quadrant 

1 

- 

- 

- 

It 

Not specified 

1 

1 

- 

- 

- 

Total 

80 

51 

18 

9 

2 


♦Right upper rectus incision for supposed acute cholecystitis. 
tUeft upper rectus incision. 


It would be foolish indeed to underestimate the importance of what the 
surgeon did and how he did it in sizing up the outcome in a particular case of 
acute appendicitis. Only rarely is it possible to surmise from the operative 
notes themselves that an improper operation has been performed. In one fatal 
ease the surgeon took nearly two hours to carry out a painstakingly thorough ex- 
ploration of the entire abdomen in a critically ill patient with a perforated 
appendicitis before finding and removing tlie offending organ. This death must 
^surely be blamed upon the surgeon. In the overwhelming majority of instances, 
however, the opei'ative note does not indicate the presence or absence of those 
intangible but all-important factors of gentleness, skill, and good judgment. 
In this series with an avei’age of only four or five deaths a year it is impossible 
to incriminate individual surgeons on statistical grounds, for one surgeon might 
be unfortunate enough to operate upon a succession of patient.s whom the most 
skillful surgery could not save. It is nccessaiy, therefore, to adopt statistical 
methods in order to pool the experience of the entire hospital staff. A further 
analysis of the role of the type of incision and the use of drains will be dealt 
with statistically in the second part of this paper. 

Fatal Acute Vnruptured Appendicitis . — Thirteen patients who died of pro- 
gressive appendicitis had neither a pei-foration nor a localized abscess at the 
time of operation. It was pointed out earlier in this paper, however, that the 
system employed in grouping eases docs not preclude a .serious infection al- 
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ready existing beyond the appendix although it has not grossly perforated.’ In 
Table XIII this point is demonstrated by showing that tlie peritoneal culture 
was positive in the six instances when it was taken. Nine patients were known 
to receive cathartics. That drainage of the peritoneal cavity will not save 
these patients is pi’oved by tlie fact that drainage was carried out in II. Per- 
haps it is significant that there has been no fatal ease in this group since 1933 ; 
chemotherapy might well have turned the scales in some. 

Tabi.e XIII. Ax.vnvsis or Deaths Fao.xr AvvEsmems — Acute Uxeuptured AvPEXvicrns * * 


Entered hospital 48 hours or more after onset 0 

Eeceived cathartic 9 

Operative dela 3 ’ from incorrect diagno.si.s I 

Drained at operation 11 

Ago under 15 ' 5 

Age over 50 4 

Peritoneal culture 

Positive (i 

Negative 0 

Not taken 7 

“Unavoidable'’ deaths , 

Pj’lephlebitis 2 

Congestive heart failure 1 

Pulmonary tuberculosis 1 

Anesthetic death, 2nd operation 1 


*13 cases (none since 1933). 


ChemotherapetUie Failures. — Although the sulfonamide drugs have been 
unanimousljr received as welcome and potent new weapons in the treatment of 
acute appendicitis, some of the earlier reports of their use have been somewhat 
overoptimistic. In Table II (jireviously referred to) are listed details con- 
cerning 3 patients who died although they had received what is generally re- 
garded as adequate dosage of one of the sulfonamides. One of the three was 
given intraperitoneal drug as well. Several additional fatal cases where chem- 
otherapy was employed late or iii insufficient dosage have not been included. 
These cases are cited as a I'eminder that the “wonder drugs” are not invariably 
effective. The existence of a promising new therapeutic weapon must not blind 
us to the importance of the many other factors involved in the proper care of a 
patient vdth acute appendicitis: a well-timed and properly executed operation; 
effective decompression of the gastrointestinal tract; maintenance of nutrition 
with blood and plasma transfusions. 'When these other features can be forgot- 
ten, acute appendicitis will properly cease to be a surgical problem and can be 
treated by anj'one who can follow a dosage schedule. 

Fxtra-ahdmninal Disease, Freoperative and Postoperative . — Fourteen of^ 


the 80 patients had a serious constitutional disease antedating the acute ap- 
pendicitis; 6 had diabetes, 6 had heart disease (3 developing congestive failure), 
1 had chronic nephritis, and 1 had pulmonary tuberculosis. Thirty patients de- 
veloped a postoperative pulmonary complication ; the various types are listed m 
Table XIV. The nine instances in -which it was felt that the extra-abdominal 
disease played an important contributory role in the fatal issue have already 
been referred to. In the remainder, although additional disease is always un- 
. welcome, either the severity of the appendicitis was such as to overshadow any- 
thing else, or the disease was sufficiently conti-olled (as in mild diabetes) o 


be considered relatively unimportant. 

mscellrnieous D«f«.-Table XV lists various fads which are-of general in- 
terest This emphasizes the preponderance of men, the large proportion ot Pa- 
tients entering the hospital forty-dight hours or more after the onset of si P 
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criteria for grouping cannot be overempliasized if statistics are to be of value. 
Tlie possii)Ie consequences of looselj- applied criteria are suggested in .this liy- 
pothetieal series."^ 

table XVI. Akalysi.s op Deaties FnoM Appekdiciti.s — Moutai.ity Rate by Five-Teap. 
PEiaoDS Based Upon Abdominal Beatiis 



YEiVRS 

total CASES 

DEATHS 

MORTALITY (%) 


] 913-15)20 

473 

24 

5.1 


1921-1925 

417 

12 

2.9 


1920-1930 

403 

13 

3.2 


1931-1935 

373 

15 

4.0 


1930-1940 

509 

10 

3.1 


1913-1940 

2,175 

80 

3.7 


General 3IortaU{ij Haiex . — In Table are given the mortality figures 
in abdominal causes of death by five-year periods (compare vith Table I). It 
can be seen that even Avith this new eoncojit there has been no significant im- 
provement in twenty years. In Table XYII these figures are further broken down . 
into the three great groups of appendicitis; once again no improvement of any 

Table XVIT. Analysis of De.vths Fp.om Appendicitis — Mop.tai.ity Rate by Five-Year 
Periods Based Ui’On Abdominal' Deaths 


YEARS 1 

ACUTE UNItfl’TURKD 
AITENDICTTIS 

Acri’i: I'KRKOUATni) 1 

Ar>PEKPTCITJS 

AI-PENDICAL ABSCESS 

('.\.SE.S 

mortality i 
(%) 1 

j 

CASES 1 

MORTALITY ' 
(%) ! 

CASES 

mortality 

(%) • 

1913-1920 

294 

1.4 

97 

17.5 

82 

3.7 

1921-1925 

315 

0.3 

52 

17.3 

50 


1920-1930 

3(15 

1.3 

5(t 

12.0 

42 

4.8 

1931-1935 

283 

1.4 

50 

14.0 

40 


1930-1940 

402 

0.3 

78 

15.4 

29 


1913-1940 

1,599 

0.9 

333 

15.0 

243 

5.8 


significance can be sIiovti.t In effect, these tables say that despite improved 
technique in the operating room, in spite of better understanding of gastro- 
intestinal physiology and the role of gastrointestinal siphonage, in spite of closer 
attention to fluid balance and nutrition, we are not saving any more patients 
today than we did twenty years ago. 

delation of Type of Incision and Mortality . — In Table XVIII the incision 
employed is cross-analyzed witli respect to the type of appendicitis, and the 


»l..Rt US a.ssume a hypothetical seiles: 

Acute unruptured appendiclti.s Acute perfoiatecl appendicitis 

Cases Death.s Mortality Ca-se.s Deatlis Mortality 

1.000 10 1% 200 30 15% 

Now let us suppose that we do not use microscopic verifleation for our diagnosis of 
acute appendicitis, and add 100 cases of "clinical” acute appendicitis where the operator has, 
for one reason or another, called a normal appendix "acute." (This will happen occasioMliy 
to the best and most conscientious surgeons, and frequently to poor ones.) In none of these 
100 new "acute” cases is the patient likely to have died. Now let us transfer over to the per- 
forated group 100 cases from the acute unruntured group ; let us say these were severe cases 
with a gangrenous appendix, many with a cloudy peritoneal fluid and perhaps evidence .pt a 
generalized peritonitis (perhaps even a positive culture), fitting a loose grouping of pe^ 
forated" appendicitis; let us say that in three of this transferred group the patient died, rnc 
following figures result: 

Acute unruptured appendicitis Acute perforated appendicitis 

Cases Deaths Mortality Cases MortMitj 

^fofo 7 0.7% 300 33 11% 

The mortality .figures ,in both groups^haye_ undergone_^a^ de^njte^hnpmvement.^^ ari 


,n been used for determining a .significant difference between 

mortalitj' rates in two series:^ ^ ^ 

No. of cases Mortality Xo. of^pases MoK^lty 

suppose A greater tli^n B. the diff|enc| is then A-B. This difference is significant if 


-x / X X (lOQ - Plus g X (100 -_B ) 

\ y 


is greater than 2. 












UOElUl: MOli'i’AIjia’Y PACTOKS IN ACU'ri3 Al'PIiNDIClTJS 


315 


Table XVni. Analysis of Deaths Fbom Afpenwcitis— CXimpaiuson of Incision and 
Moktality (Based Upon Abdominal Deaths) 


TYPE OP 
APPENDICITIS 

MCBURNEY INCISION 

OTHER INCISIONS 
(r. rectos, midline, ETC.) 

CASES 

DEATHS 

mortality 

(%) 

CASES 

DEATHS 

MORTALITY 

(%) 

Unruptured 

C54 

2 

0.3 

945 

11 

1.2* 

Perforated 

93' 

10 

10.8 


43 

17.9 

Abscess 

78 

5 

6.4 

162- 

9 

5.6 


'There is a significant difference between 0.3 and 1-2 per cent. 


mortality rate. The McBumey incision is contrasted tvith all other tj^pes (all 
but a very few of the others being right rectus or midline). The table shows 
results consistent with earlier comments in this paper: no ovei’whelming ad- 
vantage is shovTi for the McBurnej’’ incision. In acute unruptured appendi- 
citis there is a- definite edge and in acute perforated appendicitis there is an 
apparent edge in favor of the hteBnrney, in appondieal abscess there is an ap- 
parent slight edge against the JMcBurne}^ These differences are not striking 
for the size of the series involved. 

If, however, the acute unruptured appendicitis cases are lumped with the 
perforated ones (Table XIX) there is a significant statistical advantage shonm 
for the McBurnej’’ incision. It is reasonable to place them together and con- 
sider abscess separately, because usually appendical abscess can be diagnosed 
beforehand and an incision accurately placed over it for drainage. In the other 
two groups, which are not infrequently confused preoperativelj’, localization is 
less accurate and the operative problem is identical: to remove the appendix ' 
■with the least possible disturbance of the rest of the peritoneal cavity. 


Table XIX. Analysis op Deaths From Appendicitis — Comparison op Incision and 
Mortality (Based Upon AbdominaivDeaths) . 


• “ , 

1 MCBURNEY INCISION 

OTHER INCISIONS 
(R, RECTUS, midline, ETC.) 


CASES 

DEATHS 

mortality 

(%) 

CASES 

DEATHS 

MORTALITY 

(%) 

Combined groups of un- 
ruptured and perfor- 
ated appendicitis 

747 

12 

1.6 

1,185 

54 

4.6* 

•There is a significant difference between 1.6 and 4.6 per cent. 




Relation of Drains and Mortality . — ^Table XX portrays the effect of both 
drainage and incision in acute unruptured appendicitis. One interesting fact 
is brought out: if one decides to place a drain in a patient with acute unrup- 
tured appendicitis (a maneuver which we now deplore) there is no significant 
increase in the mortality rate if the McBurney incision is used; in other types 
of incision there is a significant increase in mortality with drainage. This is a 
reasonable findng when one refiects that a mediallj’ placed drain can produce 


Table XX. Analysis of Deaths From Appendicitis — Comparison of Drains and Incision 
IN Acute Unruptdred appendicitis* 



MC BURNEY INCISION 

OTHER INCISIONS 
(R. RECTUS, MIDLINE, ETC.) 


CASES 

DEATHS 

MORTALITY 

(%') 

CASES 

DEATHS 

MORTALITY 

(%) 

Drained 

88 

1 

1.1 

266 

10 


Not drained 

566 

1 

0.2 

679 

1 


Total ^ 

654 

2 

0.3 

945 

11 

SB 


•Based upon abdominal deatlis. 

tThere Is a significant diCCerence between 3.7 and 0.1 per cent. 
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Table XXI. Analy.si.s ok Deatils Prom Aitendiciti.^ — Comkaiuson of JiloBTAiATY iK 

Dr.mnkii and Undrained Cases* 




DRAINED t 


1 not drained 

TYPK OK ' 
Al'PEN’DIClTIS 

CASKS 

DEATHS 

MOIlTAhlTit 

(%) 

cases 

DEATHS 

MORTAKITY 

(%) 

Unruptured 

354 

11 

3.1 

1,245 

2 

0.2 

Perforated 

291 

52 

17.8 

42 

1 

2.4 


'Ba.secl upon abdominal deatli':. 

tThe greater mortality in the ca'ics In which drainage wa.R done is .statistieally significant. 


more dissemination of infection in the peritoneal cavity than one placed later- 
ally. One a.ssumes that the ttvo cases in Avhich drainage is carried out are of 
comparable severity. 

This vexing problem of when to drain is further dealt with statistically in 
Table XXI. The lesson in these figures does not lie in the fact that more pa- 
tients die in whom drainage was carried out, than do those in whom drainage 
was not done; it is always argued, correctlj', that the worst cases are the patients 
in whom drains arc usually employed, and it is no siirpri.se to see a greatly in- 
creased mortality rate in those drained. What is worthy of note is the low 
mortality rate in the perforated group closed without drainage; it proves that 
patients properly selected do not require drains in order to get well. This 
group of perforations (presumably the ones M-ith least soiling of the peritoneal 
cavity and the best rislc patients) may he considered roughly comparable to 
the worst group of unruptured appendicitis (those presumably drained). If 
perforated cases can be so well selected that the niortality rate stays below 3 
per cent, the implication is inescapable that there will be practically no eases 
in the unruptured group which will require an intra-abdominal drain. The 
figures naturally do not prove that the drain was responsible for death when 
used in unruptured appendicitis, but at least they show that the drain failed 
to prevent death. 

The trend toward tight closure in unruptured appendicitis is shomi in 
Table XXII; when this is contrasted with the essentially unchanging general 


TABtE XXn. Anaey.sis ok Deaths From Arrr.NDiciTis — jMoRTAEiTY and Drainage by 
Five-Year Periods in Acute Unkubtured Appendicitis 


YEARS 

CASES 

PER CENT DRAINED 

MORTALITY (%) 

1913-1920 

294 

42.5 

1.4 

1921-1925 

315 

30.3 

0.3 

192G-1930 

305 

15,7 

1.3 

1931-1935 

283 

17.2 

1.4 

193.6-1940 

402 

4.9 

0.3 


•Based upon abdominal deaths. 


mortalitj* rate over the years for this same group it can be seen that this policy 
has not affected the mortality adversely. 

SUJIMARY AND CONCLUSIONS 

The failure of improvement in mortality figures for patients with acute 
appendicitis treated at the Peter Bent Brigham Hospital from 1913 through 
1940 has stimulated a detailed study of the 106 fatalities occurring during this 
period. Emphasis is placed upon the importance of pathologic examination of 
the appendix in obtaining accurate statistics, and criteria are given for group- 
ing eases as acute unruptured appendicitis, acute perforated appendicitis, and 
appendical abscess. Attention has been focused upon the 80 operative cases m 
which death of the patient was directly attributable to progressing appendicitis 

or its specific complications. 
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Delay iu operation is shown to be a nia,ior factor in fatal cases. Sixty-seven 
of the 80 patients were operated upon forty-eiglit liours or more after the 
initial symptom. / Fifty-eight patients Avere operated upon within six hours 
of reaching the hospital, Init liospital delay of more tlian six hours because of 
an uncertain diagnosis took place in 16 cases. It is siiggestcd that there be 
prompt operation when the differential diagnosis lies betAveen acute ap])endicitis 
and some other condition such as acute salpingitis iu which operation is not defi- 
nitely contraindicated. Tlie con,sec}uences of delay (wliatevcr the reasons may 
be) are reflected in the fact that at the time of operation 03 i)atien1s 'luid acute 
perforated appendicitis, 14 had appendical abscess, and only f3 had aetite un- 
ruptured appendicitis. Tliere were onh" 6 fatalities in patients operated upon 
Avithin thirty hours of onset; of these, 5 had perforated appendicitis. It is like- 
AA’ise AA'orthy of mention tliat 49 of 80 patients definitely recciA^ed cathartics. 

Fifteen patients had undrained residual abscesses at the time of death. 
Such abscesses should be specially sought for in patients not improving after 
Wo AA’eeks from the onset of the disease. Ten patients died of severe ileus or 
mechanical intestinal obstruction; prompt proA'cntive measures, or AA’^ell-timed 
operathm intei’A'ention might haA'c saA*ed some of them. Three patients died 
despite "adequate” dosage AA’ith sulfonamides; they arc cited as proof that the 
management of acute appendicitis is complex and has not been solved by chemo- 
therapy. 

Statistics based upon the SO cases giA'e a slight advantage for the McBurney 
incision. Statistics likcAvisc vindicate the trend in recent years toAvard closure 
Avithout drainage, including selected eases Avith perforation. 
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TECHNIQUE AND RESULTS OF PRUMARY AND SECONDARY PULL- 
THROUGH OPERATION AFTER REMOVAL OF TUjMORS OF THE 

rectujm and rectosigmoid 

Felix JLvndl, ]\I.D., Jerusalem, Palestine 
(From the Surgical Department “B,” Eadassah University Hospital) 

D uring the past twenty-two ycai-s, I haw devoted much attention and 
energy to the study of the problems of rectal surgeryT At Hochenegg’s 
clinic in Vienna I was entrusted wdth tlie follow-up examinations of over 1,000 
rectal operations and I have had the oppoi’tunity of performing many hundreds 
of rectal operations myself. I have reported in many publications my experi- 
ence dealing with rectal carcinoma, its operative treatment, and operative pro- 
spects and results. 

Two major principles stand out clearly if one views the matter under the 
aspect of the future development of rectosigmoid surgeiy. 

Anyone interested in the surgical approach to carcinoma of the rectosig- 
moid, which yields tlie best operative end results of all types of carcinoma 
amenable to surgical measures, should be familiar with anj’' typical operation 
devised for this purpose; he should carefully make his plan and weigh the 
chances vith due consideration of the individuality of the case as well as the 
site and spread of the tumor. 

The technical methods most commonly practiced are: (1) The radical 
dorsal operation (Lockhart-jMummerj’-), (2) rectal extirpation by the extended 
sacral method developed on the basis of that devised by Kraske and Hoehenegg 
(Mandl-Goetze), and (3) the one-or multiple-stage abdominodoreal operation 
(preference to be given to the one-stage method [Miles]). 

In the ti’eatment of anal carcinoma which is an especially malignant tumor 
usually, it is often necessary to resort to electrosurgery, a detailed and compre- 
hensive study of which has recently been published by Roffo and Carranca. It 
would exceed the extent of this article to discuss the pros and cons of all meth- 
ods, particularly as thej' are sufficiently known. 

Any method sacrificing the sphincter ani where it might be preserved with- 
out endangering the radicality of the operation must be considered an imperfect 
one. The progress of rectal surgery is marked by the now possible combination 
of a very high degree of radicality with preseiwation of the sphincter, that is, 
restoration of continence. 

Viewing the matter from a psychologic viewpoint, it should be borne in 
mind that patients may find colostomy very compatible with business and their 
other duties. They usually adjust their habits and diet to the situation accord- 
ing to their ovm experience, and achieve quite satisfactoiy control over bmvel 
movements, which may naturally be still further improved by various devices. 
The great majority, however, of all those suffering from incontinence or, even 
more so, those with an artificial anus, whether abdominal or dorsal, easily fall 
a prey to depression, are barred from any kind of social activity and, for the 
o-reatest part, are incapacitated. It is common knowledge that patients who . 
may not even fear recurrences commit suicide for the simple reason that Ute 
has become unbearable with an artificial anus. This is even more hkely to 
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occur if they are in an unfortunate financial position or particularly 
hampered in their professional career. I have, therefore, adopted it as an 
unshakable axiom that radical operation for rectal carcinoma, even if per- 
formed with the greatest possible degree of teelmical skill and even if tlic 
results are permanent, is imperfect unless an attempt has been made to preserve 
continence or, at least, to give the patient the well-founded hope, with a clear 
conscience, of its future restoration. The foolish sacrifice of sphincters is bar- 
baric and everything should be done to substitute these methods hj" others 
guaranteeing the preservation of the sphincter. 

There can be no doubt that the maintenance of sphineteric function in- 
volves greater rislvs both for the patient and for the surgeon than does simple 
radical operation. Aftertreatment is, moreover, more inconvenient and the 
prolonged stay in the hospital must be followed by weeks or even months of 
ambulant treatment. 

There is no denying that preservation of the sphincter may occasional^ 
be impossible. If, for example, the tumor, of whatever Ij’^pe it may be, is itself 
imbedded in the sphineteric or anal poidion, the radicality of the operation 
would greatly suffer b}^ any attempt to proceed conservatively — a risk that 
cannot be taken. In approximately 25 per cent of all cases of rectal carcinoma 
the idea of preserving sphineteric fund ion must be abandoned from the outset. 
Here the establishment of a sacral anus, at as low a level as possible, ensures 
relative continence provided there is adequate scar shrinking and control by 
innervation of the gluteal musculature, an aim that can also be attained by the 
“gluteal anus” as devised by Petermann. 

The preservation of sphineteric function in malignancy of the rectosigmoid 
has, up to quite recently, received little attention in the Anglo-American 
literature. Earlier suggestions referring to that point (hlaunseU, 1892, Weir, 
3901) were recently reviewed by Wangensteen, but it seems that this lias not 
aroused much attention either. 

. The discussion was recently reopened by Babcock and Bacon, who advo- 
cated pi’eservation of the sphincter if the tumor is within at least 7 cm. from the 
sphincter ani. Wangensteen (1943) critically scrutinizing the problem, believed 
that methods for the full restoration of sphineteric function might very well 
be worked out, and that “re-study of the Kraske-Hochenegg sacroperineal 
methods ivith special attention to an abdominal method .... with preservation 
of the sphincter is in order.” He referred to two papers (Wilensby, 1942, and 
Pannett, 1943) dealing witli the preservation of the sphincter in abdominoperi- 
neal operations, the originals of which are, however, unfortunately not accessi- 
ble to me. Finally, the Agenda of the Ninth National Assembly of the .Inter- 
national College of Surgeons, in Philadelphia, 1944, announced that Bacon and 
co-workers W'ould report on ‘ ‘ Surgical Treatment of Eeetal and Sigmoid Cancer 
Without Colostomy With Sphincter Muscle Preservation” and A. A. Berg on 
The Preservation of Sphincter Ani in Eadical Operation for Cancer of the 
Eeetuin.” In his book, moreover. Bacon refered to the pull-tliTOugh method, 
adding a brief description. 

As far as w^e Imow^ the French literature does not contain many contribu- 
tions to the question of the preservation of sphincters (see Bergeret). Cuneo, 
Seneque, and Zagdoun practiced the method of circular suture of the rectum 
after “perineal resection” with preservation of sphincters. Years ago I 
attended the excellent performance of the ])nll-thi-ough operation by Hartmann 
and Yiefor Pauchet. 
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In tlie Geriiiau lilenituro, niolliods advocating the pix'servatio)) of con- 
tinence are fairly numerous: (1) by circular suture (Kraske) after resection 
of the tumor from its continuity u'itbiii the sacral wound and (2) by tlie pull- 
tbrougli mctliod devised by Iloclienegg, while (3) Ilochenegg’s “invagination 
mctliod” has scarcely been practiced. 

It is of particular importance to bear in mind, provided tlic tumor lies 
at an adequate distance from the anus with no involvement of the sphinctcric 
portion itself, that tlie preservation of the spliincter has by no means an 
iinfavorable influence on the ultimate result of the operation — a point con- 
stantly stressed by me after conscientious study of 1,300 eases with inclusion of 
the entire literature. I have emphasized this ])oint ui numerous publications 
and the oioinions of only a few other aiTthors which could not be taken into con- 
sideration on these earlier ocea.sions remain to be added. 

Goepel described a two-stage abdominosaeral method, the .second stage 
terminating in the pull-throiigh act (Hoe])cnogg). In one ol’ bis ca.se.s, c.v- 
terioi-ation through the anus of a length of 7 to S cm. of (he large intestine 
could be performed without gangrene supervening. 

H. Kraske paid special attention to the preservation of the sphincter. If 
the intestinal portions at one’s disposal are short, a circular suture is made in 
the dorsal wound while the normal procedure is the pull-through method. 
Wliere the sphincteric portion must be .sacrificed, the distal end of the rectum 
is used for the construction of a gluteal anus. Full continence was reported 
by this author in 50 per cent. 

Petermann, the inventor of the gluteal anus, also advocated preservation 
of the sphincter wherever po.ssible. He gave preference to the pull-through 
method and reported continence in 50 per cent of his eases. 

Nordmann also maintained that in the absence of sphincteric involvement 
' all available means should be mobilized to preserve sphincters (1 ) by employing 
the method devised by Kuettner with sacral exterioration and subsequent 
amputation of the tumor with .secondary suture or (2) by the pull-through 
method (Hoelienegg) without distention of the sphincter or excision of mucous 
membi’ane. He pointed out that healing of “circular .sutures’’ after primary 
resection of the wound was very rare. 

Dannhaeuser, in connection with the dorsal as well as with the combined 
method, laid particular stress on tlie prcsciwation of the sphincter and Avith the 
customary methods he reported satisfactorj-- re.sults in 77 per cent of cases. 

Hybinette of Stockholm, sacrificed the anal portion only if the site of the 
carcinoma Avas a very Ioav one. For those situated higher up, he recommended 
as the method of choice the abdominodorsal approach, pulling the colon doAvn 
tlirough the anus. He prefered this method to circular suture. 

From the foregoing it appears that no surgeon earnestly concerned AAoth 
th6 preservation of sphincteric function deems the methods advocated by him 
for this purpose a danger to the radicality of the operation for carcinoma of the 
reclum or sigmoid. 

A great step foi’Avard in this respect Avas marked recently by the microscopic 
studies published by 'Westhups. This author pointed out that; (1) Car- 
cinomatous metaslases, Avhelhcr in connoelive iis.sue or in lymph nodes, APhieh 
are on the level of the carcinoma itself or higher up are, for aU practical ptn'- 
pose.s, confined to the neighborhood of the superior hemorrhoidal artciy. (2)_ Kc- 
yoiKUhe level of the tumor itself, no involvement of the intestine and espeeia > 
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llie pericolic comicclivc iiiid lyinphnlic lissiK' Inkcs ])liice. Tliis wjis, in .sonic 
ineasuro, veriHi'tl Iiy 1{. .'s. Orinncll wlio poinicd onl Hint '‘llie main exliviinnral 
lymph spread is ujiward along (lie superior lieinorrlioidal ve.ssel.” For no more 
than one out of seventy-live specimens whieli were carefully slndied could 
tlrinnell report downward spread. 

Seefcld and Bargen, after reviewing 100 ca.se.s of rectal carcinoma, main- 
lained (hat the signiticance of metastases of this type of carcinoma to veins aiid 
nerves was practically as great as that (o the lymph drainage area (47 :20:30). 
This fact, however, does not alter our attitude toward 'the problem of rectal 
carcinoma. Our practical approach to the question has thus received what one 
might call theoretic support which is today generally acknowledged. 

The preservation of the siihineteric' portion hy no means always implies 
restoration of continence. There is no doubt that with the methods .so far at our 
disposal it is in but a limited percentage of cases thal we may succeed in doing 
so. j\ly personal experience, as well as the literature leferring to thal point; 
proves thus far that the safest way to ensure continence is by the pull-through 
method devised by Ilochencgg in 1888, which is also to be preferred to Kraske’s 
method consisting in circular suturc'after resection of the carcinoma by the 
dorsal approach. This is also clear from an anatomic vicw]ioinl, as a circular 
.suture between hvo portion.s' of intestine can be approximated only if both parts 
are well covered with serosa. 

This ‘‘circular suture” within the wound, as a rule, implies the union of 
one serosa-bearing part (the proximal extremity of the mobilized sigmoids) and 
one with no serosal covering (the peripheral extremity of the rectum at the level 
of the ampulla or sphincter). In view of what we know about intestinal sutures 
in general since the time of Lembert and Jobert (1824 and 1826, respectiv61y), 
no smooth healing can be expected under thc.se circumstances. 

This is also the drawback of a method recently introduced by Dixon, 
Dunphy, and associates, the so-called “anterior resection.” Ajjart from the 
viewpoint of radicality and blood supply, the removal of recto-sigmoid car- 
cinoma from below the Douglas pouch by pushing the tumor into the abdominal 
cavity makes it questionable whether the peripheral portion of the intestine is 
still covered by serosa. Otherwise the procedure is certainly doomed to failure. 

It would be of interest to know in what percentage of cases continence can 
be re.slored after preservation of the sphincter. According to my personal ex- 
perience, healing by first intention occurs in but 20 per cent of cases after 
Kraske s circular suture. By an additional operation one may improve the 
operative results up to from 40 to 50 per cent, while in the others fistulas are 
likely to form, ufiiich confront the patient as well as the attending physician 
with the tedious task of a iirolonged and inconvenient aftertreatment. 

Regarding Hochenegg’s pull-through method, it should above all be pointed 
out that even after preservation of the sphincter it can only be employed in a 
certain percentage of cases and under very strict provisions. This percentage 
may amount to from 30 to 40 per cent of all those cases in which the sphincter 
has not been sacrificed. According to my studies in 1929, primarj^ restoration 
of continence was possible in 60 per cent. After an additional operation, posi- 
tive results could he increased to 65 per cent, and although tliis is a relatively 
small pereontage it is, nevertheless, worth trying. 

In the following, the technique of the so-called “primary pull-through 
method” of Hochenegg is described and suggestions are made as to how, accord- 
ing to my pereonal experience, to bring it to a successful termination, since 
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nowlierc in tlie literature lias the method been dealt with in detail. I am also 
giving a description of the so-called “secondary pull-through method” which 
may allow a greater number of patients to have eoniinence restored. 

PBINCIPIXS 

I. The Primary PulUTJirough Operation 

A. Eadical Operation. — Tliere can be no doubt that wilJi the combined 
abdominosaeral or abdominodorsal and also by the purely dorsal method (sacral, 
extended sacral method, Mandl-Goetze) as much of the colon can be mobilized as 
is necessary to perform the pull-through through the intact sphincter. At the 
European clinic where I fonnerly worked, I employed this method in several 
cases after combined abdominosaeral operation (see Case 1), while here in this 
country I have had only one such ease. 

B. Precondition. — A precondition for the smooth healing after pull-through 
operation is the preliminary construction of colostomy. In the past few years 
I have prefeiTed the method of establishing preliminaiy colostomy in the trans- 
verse colon approximately a fortnight prior to ludieal operation. Only strict 
avoidance of contamination to the dorsal wound, where the operation for restora- 
tion of continence takes place, ensures success. That the pull-through operation 
was successful in a few exceptional eases in spite of no preliminary colostomy 
being made is of no importance. Wlien colostomy is performed, the abdominal 
organs should be inspected (length of sigmoids, width of mesosigmoids) . 

G. The Sequence of the Various Manipulations in Eadical Operation . — ^It 
may be concluded from publications and suggestions in the literature that it is 
worth while to point out that the pull-through manipulation should follow as 
the last in the sequence of events for the following reasons : Only after radical 
operation has been completed is it possible (1) to form an opinion on the nutri- 
tional condition of the peripheral intestinal portion, (2) to ascertain whether 
the length of the intestine uill suffice to undertake tlie pull-through, and (3) for 
reasons of asepsis (see D). 

D. The TechniqxLc of the Primary PuU-Through Operation. — ^After ab- 
dominal mobilization and ligature of blood vessels, whether in a typical or 
atypical way, or after mobilization of the colon by the sacral approach, extensive 
portions of the tumor are exposed in the sacral wound. Shortly before closing 
the wound the surgeon must decide whether to proceed to the pull-through opera- 
tion. The best guarantee for the success of this part of the operation is a well- 
developed vascular supply to the part which is to be pulled through, the most 
important criterion for which is the color of the bowel after mobilization. To- 
day we know for certain, as a result of numerous studies (the latest publica- 
tion on that point probably being that by Singleton), that it is at the site of 
ligature (Sudeck’s “critical point”) that the last full anastomosis between the 
superior hemorrhoidal and the inferior mesenteric arteries by way of the sig- 
moidal artery can be expected and it is often, although not invariably, possible 
to take this into consideration when maldng the plan for the operation. How- 
ever, in the majority of cases, practical considerations demand grossly anatomic 
mobilization up to a degree until as much of a well-supplied bowel is at our dis- 
posal as is necessary to be pulled through the sphincter. As a general rule, ex- 
ceptional width of the raesosigmoid already suggests that a sufficient length o 
siumoid will he available for the further procedures. Roentgenologic studies 
prior to operation or inspection of the parte exposed during colostomy will give 
a helpful idea on the length of the sigmoid. 
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Apart from the color of the bowel wall, inspection of Ihc small, subserous 
blood vessels of the portion used for the pull-ihrougli is a valuable aid. Pulsa- 
tion can be visualized by painting wilh a 6 per cent phenol solution. 

To avoid failures, no efforts should be s])arcd 1o make certain that the bowel 
used for the pull-through is, actually of normal vitality. It should, therefore, 
bo carefully covered with warm cloths and -watched for the appearance of any 
color change, as it is routine, for example, in operations for inearcerated hernia. 

1. To ensure the vitality of the hoivcl, tlie care of tlie wound through Avliich 
' it passes is of great importance. It is imperative that within the sacral wound 
the intubated intestinal segments be approximated by interrupted sutures 
(Pig. 1) and the boAvel, as far as possible, be covered by soft parts. This pro- 
vides the best protection, for the serosa does not tolerate well contact with strips 
of gauze. The secretion .should be aspirated by rubber drains. Spraying with 
sulfanilamide, according to onr latest experience, apparently does not reduce 
the vitality of the bowel and is further a A-alnable help in keeping tlie wound 
(anity clean. 



mnirt P'cture given by Bacon The tumoi together with the rectosig- 

hoc posterior approach or by abdominodorsal method. The Douglas sac 

mnrie Closed After its closuie and after further mobilization an attempt will be 

approximate segment a-& (after resection of the tumor between the clamps) to a'— h'. 
may be cnMsaged tension and the blood supply lemains normal, the "pull-through" 


2. How is the sphinctcric portion attended to? Manipulations on the 
sphincteric portion should not be stai-ted before the operation on the proximal 
part is completed and the Douglas pouch sutui-ed again. No dilation of the 
sphincter is necessaiy because of its relaxation after general or lumbar anes- 
thesia (the latter being prefeiTefl by us). 

Hoclienegg suggested removing the mucous membrane of the sphincteric 
segment prior to undertaking the pull-through, as is customary in the 'White- 
head operation for hemorrhoids (Fim 2). Disinfection of the .sphincteric por- 
tion is done by repeated painting with tincture of iodine (10 per cent) from 
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the aims, following which the clam]) holding the sphinctcric poilion is removed 
(o to h) and the mucous membrane eventually extirpated. All these manipula- 
tions need not imply the slightest injury to the internal sjihincteric mu.sclc.' 
JCocher advocated leaving tlic mucous membrane intact, a method attended by 
advantages but by disadvantages, too. Control of hemorrhage after extirpation 
of the ^mucous membrane is time consuming and often difficult, requiring a 
very high degree of accuracy. On the other hand, ase])tie conditions are more 
easily maintained if the mucous membrane is removed, because effective di.s- 
infeetion of the sphincteric mucous membrane is no easy task, and the mucosa, 
if it is left in place, naturally continues its secretory activity and the prc.sence 
of secretion between the sphincteric mucosa ; the serosa of the part of the bowel 
which has been pulled through provides a serious obstacle to healing. Experi- 
mental and microscopic studies (Cara and iMandl) .showed that the gi'owtli of 
adhesions between the mucous membrane and the serous surface occurs cither 
very late or not at all. Where mucosa and serosa are in contael, the glandular 
structure of the nuieosa is preserved while the scro.sa becomes subject to necrosis. 
There is, moreover, the ])assibility that nnicous cysts may form and the main 
factor in the production of fistulas is the attempt of the scci’ction to find an 
escape. TJemoval of the sphincteric mucous membrane ])rior to tlie ])ull-through 
operation is, therefore, commendable (see Case Tteports). 



Fig. 2. 


Fig. 3. 


2 , — Manipulation.? on tlie sphincteric segment. The lowest damp (see Fig. 1) is leU 
in place until after clisinfection of the sphincteric portion and is then removed. Following this, 
the mucous membrane is removed b.v grasping the clamps and pulling them directly tliroueh 
the .sphincter, under strict control of hemorrhage and avoidance of injury to the muscles. 

Pig-. 3 , Primar.v pull-through completed. Tlie Douglas sac is closed. The 



day 
the bowel. 


Another method has been practiced at my department for a luimber of 
vears now. The entire sphincteric segment is .Sharply divided by a vertical in- 
cision, folded apart, the mucosa disinfected, and then- extirpated in toto. Tbc 
peripheral colonic segment is then placed into tlie wound and the vertical in- 
cision closed by .suture throughout all its layers. No doubt this method allows 
the whole operative procedure to be conducted under the guidance of the eye, 
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blit, it lias iioverthob'ss lioon' abaiulonod by us in view of llio rrcijupiil occiirrciicc, 
of infection, wliicli forestalls any possibility of restui'inj;' eont iiK'iieo later. 

' o. The howcl segment jJuUcd through the anus should protrude beyond it 
(Fig. 3), and any shortening is inopportune since it is likely to cau.se shrinkage 
or necrosis of the colonic segment. From the .small number of illustrations avail- 
able in the literature so far published, it can be concluded that the Imwel seg- 
ment used for the pull-through is severed just above the anus and appro.ximated 
to it by circular suture. In my opinion, there is nothing to recommend such 
methods. Our procedure is to fix the base of the protruding bowel between 
skin and serosa with interrupted sutures. The sutures placed within the wound, 
in addition to those between the sphincteric segment and the other part, are, as 
a general rule, sufficientdo prevent the bowel from slipping back (Fig. 3). 

The portion protruding beyond the anus is I'ltcr ampiitated by electro- 
cautery. 

E. Aftcrtrmtmcnt . — Because as the operation has, as a rule, been preceded 
bj" colostomy, the evacuation of foee-s involves no problem at all. If, for .some 
reason, no preliminary colostomy has been made, the ])atient .should, after the 
customary emptying of the bowel, be given eight drops of tinctura opii three 
times per day for the duration of eight days after operation. On the tenth to 
twelfth day, bowel movement should be encouraged by oily laxatives. As a gen- 
eral rule, unless there is a special rea.son, digital exploration .should be postponed 
until after the tenth day. After the lapse of a fortnight, it is even useful' for 
’ the relief of the mild degree of stenosing usually present at the ]}ull-through 
point. Even bougies may be used. Repeated examinations are indispensable, 
particularly as the colostomy can be closed only after the peripheral wound , 
has healed satisfactorily and there are no fistulas. On the first few days, fol- 
lowing operation, voluntary innervation of the sphincter cannot be e.xpeeted, 
or at least only in a very superficial manner. Systematic -exercises may, how- 
ever, improve conditions remarkably. They are of outstanding importance 
for the rapid restoration of continence. 

E. Conipticatidns . — 

1. Infection: Infection, if it occurs, is usually due to gangrene of the bowel 
segment pulled through the anus. This is also the point where the danger of 
toxemia must be considered (sulfanilamide prophylaxis). A positive result of 
the operation can, in such a ease, no longer be expected. The wound should be 
exposed and typical wound treatment instituted. The fistula thus established 
may later be closed. 

2. Pistnlas: There is always a certain percentage of cases in which small 
fistulas occur (see Case Reports). Unless there is gangrene of the bowel, the 
majority of them are amenable to conservative measures (I'insing with dis- 
infectants, warm hip baths, postponement of the closiire of the colostomy). Gen- 
erally, they develop at the posterior circumference of the bowel, which has been 
pulled through, and open into the sacral wound. 

3. Slipping back of the boivel segment putted through the anus: The seg- 
ment pulled bej’-ond the sphincteric portion may become subject to necrosis and 
is then spontaneously, although gi’adually. east off up to a certain height. 
Fistulas are rather common, but the internal suture between the two parts 
(Fig. 3) may nevertheless ensure smooth healing with satisfactory sphincteric 
function. “NYhere this occurs, stenosing may (although it should not) take 7 jlace 
which requires .systematic dilatation after the woiind has healed. 
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77. Tin: Secondary Pull-ihrouyli, Ucihod. 

The secondary puU-tlirougli method must be resorted to in two instances: 

A. During radical operation for rectal carcinoma, -when the primary pull- 
through operation is envisaged but the length of Imwel possilde to inobilize 
proves insufficient or its peripheral segment of poor vitality, the operation must 
be terminated by the construction of a sacral anus. The sphincteric portion is 
nevertheless spared (Fig. 4) and its upper extremity closed by a firm suture. 

B. Either the primary pull-through method or circular suture (Krasko 
method) is originally performed, but because of infection, partial gangrene, or 
slipping back of the bowel, a sacral anus forms by itself. The .sphincteric por- 
tion is left in place, as it is in accordance Avith the whole plan of the operation 



Fig. 4. — Diagram of sagittal cross section after mobilization of the rectosigmoid and 
construction of a sacral anus since mobilization of a considerable length of well-supplied 
bowel down to the sphincter had not been possible. After suturing of the Douglas poueli, a 
sacral anus was, therefore, made. Tlie sphincteric portion (see Fig. 1, a-b), held by a clamp, 
will be ligatured by a strong thread and buried in the depth. 


. In the course of time the sacral anus of the proximal segment may develop 
prolapse which Weil used, after invagination so tliat tlie mucosal covering Avas 
again on the inside, to perform a secondary pull-through operation. Any 
surgeon maj^ be confronted Avith such an emergency. Thus Hoehenegg’s archives 
contained the records of a fcAv successful operations of this kind. Beyond that, 
I could show that this prolapsing could be artificially promoted and a secondary 
pull-through operation thus made possible. (See References, JIandl.) 

First of aU, one should realize A\diat the anatomic preconditions are that 
lead to prolapse. There are (1) insufficiency of the soft and bony peh'is floor, 
(2) loAV pouch of Douglas, (3) insufficiency of the rectal attachments, (4) in- 
creased abdominal pressure by exaggerated aetmty of the abdominal muscula- 
ture. No doubt, the soft as AAmll as the bony pehds floor loses some of As 
efficiency after radical operation for rectal carcinoma and resection of the 
coccyx and sacrum. 
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If the pouch of Douglas reaches down to a low level, the cul-de-sac is opened 
during radical operation, the bowel extracted from the small pelvis, and the 
suture placed as low as possible, a procedure likely to produce prolapsmg. There 
can be no doubt that extensive mobilization of rectum and colon is attended 
by the risk of damagmg the rectal attachments. If the patient is further en- 
couraged to make systematic exercises (“as though he were going to have 
stools”), increasing the intra-abdominal pressure by pressing, every day for 
several hours, everji;liing is done to promote prolapsing of the sacral anus. 
Actually, a method has been developed on the basis of these considerations which 
may be described as “the artificial production of prolapse from sacral anus,” 
facilitating the secondary pull-through operation. (Fig. 5.) 

A t 3 ’’pical circumcision is made around the prolapse, the external segment 
invaginated with the mucosa on the inside (like a glove turned inside out), 
which provides the length of bowel neeessaiy for the puU-through manipulation. 
If the pouch of Douglas gets punctured during this procedure it is sutured in 
the same way as during the primaiy operation. As a rule, however, one en- 
counters only adhesions in which blood vessels have to be ligated. An incision 
is then made through the soft parts, stretching from the sacral anus to just 
above the normal one (Pig. 5, a and h). The sphincteric segment left in position 
during the main operation and ligated at its proximal extremit 3 % as a rule, com- 
pletely grows together, so that a circular excision (Pig. 5, c) has to be made be- 
fore the prolapsing portion can be pulled through. 



Piff 5. Fig. 6. 

j' Sscondarj’ pull-through method. A few months after radical operation the sacral 
developed into a prolapse ^vhich. in the diagram, has been turned upward The 
circumcision at its circumference, to turn it inside out, so that the mucous 
now on the inner side, following which an incision is made from o to b, that is 
monl prolapse to just above the natural anus The roof of the sphincteric seg- 

meni, -nnich is left m place, usually grows together and has to be resected b> circular excision 
tc;. loilowlng which the prolapse can be pulled through the soft parts and the spliincter. 

u I5*agram of completed secondary pull-through operation. Note inside suture at 

the bowel and those on the outside similar to Fig. 3. 


It is interesting to note that the degeneration of the mucosal lining of the 
sphincterie portion owing to many months of idleness protides a much less 
formidable obstacle to its healing smoothly to the serosal covering of the bowel 
which has been pulled through, than the conditions created by priniar 3 ’ pull- 



328 


SURGEIiY 


tlu-ougli operation. The exei-sion of the mucous memln-ane in tlie secondary 
method, wliich is not done Ijcforc several months have ela])sed following radical 
operation, is not, therefore, an indispensahle measure. The operative technique 
i.s illustrated by Figs, d, 7, and S. 

I have reported upon a number of .sucee.ssful operations according to thi.s 
method in the course of thd past few years. By others it has only been men- 
tioned without stati-stieal data being added (Goetze). Only my former col- 
laborator, Elmer, mentions the fact that exercises in abdominal pre.ssure were 
routine at the Second Surgical Department of the University Clinic in Vienna, 
and that, as a consequence, the number of secondary pull-through operations 
could be considerably enlarged. Elmer tried to carry the idea even farther. 
Careful studies of the abdominal pre.ssure by means of colpeurynters introduced 
into the ampulla recti revealed quite high values (u]i to TOO mm. Hg). The 
mean values were found highest in defecation position, lower in knce-elbo^v posi- 
tion. It is, therefore, pressing ‘‘as though to have stool,” recommended by me 
ill 1925, that is the most successful method to obtain prolap.se. In the great 
number of patients who, after resection of the rectum, had been encouraged to 
make systematic abdominal exercises. Ebner di.stinguishcd, one year after pri- 
mary operation, tlu-ee types: (1) Tho.se in whom prolapse had occurred from a 
wide sacral anus as a suitable aperture, (2) tliose in whom no prolapse had 
occurred but who had a sacral hernia. In such cases, the sacral anus is narrow 
and scarred, the sigmoid and mesosigmoid long, which could be verified by x-rays 
and digital examination, and (3) those in whom neither prolapse nor heraia 
has occurred. 



Fis. 7. Pip. S. ' 

Flg.s. 7 and S. — Patient with artificial prolapse fiom sacral anus before and after secondarj' 
pull-through operation {Flora Felix Alandl: Arch. f. klin. Chir. 13Q: 479. 192n.) 

I have performed the secondary pull-through operation on all three types 
without discrimination. It is clear, however, that types 1 and 2 are more suit- 
able objects for this operation. Ebner reported eight successful secondary pull- 
through operations in the presence of hernia without prolapse (type 2). Type 3 
naturally presents difficulties. The scar tissue has to be resected and the 
stenosed sacral anus reamputated. Ebner reported success in two such cases. 
Unfortunately, no exhau-stive statistical data covering the whole of his material 

are available. . , , . , ' 

Be this as it may, the method advocated by me, consisting in the establisn- 

ment of an artificial prolapse from the sacral anu.s, 'providing a new way to pre- 
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pare the secondary pull-Uirough operation, is a very simple measure. All hough 
it is very distasteful to the patient, for the duration of many montlis, to put np 
with having two artificial ani (one in the transverse colon througli whicli the 
feces pass and another in the sacral region from which, providing a normal func- 
tion of the first, only mucus escapes), skillful persuasion will help him over tin's 
uncomfortable and inconvenient period. 

During the pressing exercises, the patient should ho Avarned forcibly to 
press back the abdommal anus with his hand, since otherwise the ])rolapsing may 
occur in the abdominal rather than in the sacral anus. Our experiments Avith a 
vioAV to promote prolapsing by means of a cupping glass Avere also rather 
successful. 

THE CLOSURE OF THE COLOSTOJIY 

Since in my opinion success or failure of primary or secondary pull-tlu’ough 
operations to a high degree depends on the ])roliminary establishment of a 
colostomy, a fcAv remarks on tliis opera th'e procedure seem indicated. Tt has 
recently been pointed out that the radical removal of rectal carcinoma should 
be done in one stage. If the sphincter, for some reason, cannot be spared, I also 
practice this method, preferring the one-stage o])eration according to iMiles, 
especially since it is a common experience that patients may be as severely taxed 
by colostomy as by radical operation. Nevertheless, I am convinced of tlAc 
necessity of constructing a colostomy prior to proceeding to the pull-through 
operation. The surgeon should not forget, hoAvever, that AAdien making a 
colostomy it is his concern to provide for its later closure, Avhich should be as 
simple as possible. In this respect tlic “double-barrel colostomy” devised by 
Slikulicz is a very suitable method. If it is carried out correctly, its closure 
by a ^Milculiez clamp, Avhich is introduced into the tAVO limbs of the boAvel, is a 
very simple procedure. Crushing of the spur by means of the clamp saves, in 
the majority of eases, major operative measures. Parts of the colonic mucous 
membrane protruding over skin level ai’e removed by electrocautery, a pro- 
cedure AAdiich must be repeated aa:ain and again until the skin groAvs over tlie 
tAvo foramina. If the peripheral boA\ml is pervious, operative closure of a 
colostomy, implying opening of the peritoneum, is very rarely necessary. Tlie 
most instructive illustration of the method, Avliich I have been practicing for 
many years, and AAdiich is in agreement Avith Dlikulicz’s directions, is contained 
in a paper by MoskoAvicz. AVhere this method is impracticable, I am using, for 
the intra- or extraperitoneal closure of a colostomy, that described by Bacon. 

The method outlined here has undoubtedly contributed much to the pos- 
silnlity of restoring continence in a far greater number of patients than Avas 
originally thought possible. Its adoption by Avider circles Avill give surgeons the 
necessary experience to improve the results even further. 

MY OAVN MATERIAL 

A large part of my operative records have been lost OAving to political com- 
plications, but my publications continued up to the year 1940. Where I am 
Avorking noAv and have but limited material at my disposal, I have nevei'thelcss 
performed fifty-four radical operations for rectal carcinoma (from 1939 to 
1944) in .se\-entecn patients (that is 31.4 per cent) in whom I attempted to main- 
tain continence inlinarily or to restore it, after ])reservation of the sphincter, by 
a secondary ])ull-through operation. The records on these cases arc complete, 
and give a good idea of the pros and eons and CA-en dangers of the method. 
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Case reports are given as concisely as possible and no reference to malignograms 
has been included. 

REPORTS or CASES 

I. Radical Operation for Rectal Carcinoma With Suhseqnent Primary Pull- 
Through Operation (Eight Cases).— Normal healing without formation of 
fistulas, by first intention, with complete restoration of continuity (seven cases) 
(Fig. 9). 

Apart from one patient who died after radical operation followed by pri- 
marj" pull-through, there are seven cases at our disposal. 

Case 1. — The patient \\as a man of 60 jcars, operated upon in Fehruary, 1938 (in 
Vienna). The site of the tumor nas about the pouch of Douglas and the combined abdomino 
sacral approach nas used after preliminary construction of a colostomy. This was followed 
by a pull-through operation and healing occurred by first intention. 'In the course of the 
year 1939 the colostomy closed spontaneously. Follow-up examination in 1944 showed no 
recurrence and perfect continence. 

Case 2. — The patient, a man 39 years of age, was a physician. He had a tumor 15 cm. 
from the anus. Kov. 6, 1939, colostomy was constructed on the transierse colon. For. 21, 
1939, extended sacral operation nas done with primary pull-through. Dec. 25, 1939, there 
was operative closure of the colostomy followed by healing by first intention. The patient 
joined the British Forces in 1940 and is doing front-line sen ice. He reports perfect con 
tinencc. 



Fib 9 — Patient after primarj' pull-tlirough operation. Healing took place by first intention. 

a fortnight after radical operation and after amputation of the protruding bowel. 

Case 3. — The patient was a woman, 50 years of age, with a tumor approximately 10 cm. 
from the anus. As she was very obese, no colostomy was made. May 20, 1940, extended 
sacral operation was done with primary pull-tlirough and resection of 45 cm. of bowel. Heal- 
ing occurred by first intention. Follow-up (August, 1944) showed no recurrence and per- 
fect continence. 

Case 4. — The patient was a man of 33 years, with carcinoma 8 cm. from the anus. 
June 11, 1941, colostomy was made on the transverse colon. June 26, 1941, radical operation 
(extended sacral method) was followed by primary pull-through, 30 cm. of bowel being re 
sected. Heabng occurred by first intention. In January, 1942, the colostomy was closed. 
Follow-up (October, 1944) showed no recurrence and perfect continence, while the only com 
plaint the patient had was of sexual impotence. 

Case 5. — The patient was a woman, aged 50 years, who had a tumor 8 cm. from the 
anus. Sept. 8, 1941, colostomy was constructed on the transverse colon. September 28, ex- 
tended sacral operation was done with primary pull-through. Healing occurred by first 
intention. On Oct. 22, 1941, the colostomy was closed. Follow-up (May, 1944) showed no 
recurrence and continence was perfect. 
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Case 6. — The patient was a woman of 45 years, aith rectal carcinoma 12i cm. ahove 
the anus. June 3, 1939, colostomy was made on the trawsverso colon. Juno 18, 1939, 
radical operation (extended sacral method) with resection of 38 cm. of bowel (Fig. 10), 
was followed by primary pull-through. Healing occurred by first intention. Sept. 20, 1939, 
the colostomy was closed. The patient died Aug. 2, 1942. Autopsy record showed no local 
recurrences, large cerebral metastasis in the right fiontal lobe, and otliers in the right 
suprarenal gland. Death was caused by the cerebral metastasis. 

Case 7. — The patient -nas a man, 44 years of age, with a polj-pous tumor 9 cm. from 
the anus. April 30, 1943, colostomy was made on the descending colon. May 21, 1943, 
radical operation (extended sacral method) was done with primary pull-through. Healing 
occurred by first intention. Two attempts to close the colostomj- operatively®f ailed. How- 
ever, in December, 1943, it closed spontaneously. Follow-up (September, 1944) sliowed no 
fistula, no recurrence, some weakness of the sphincter which, although able to cope with 
normal stools, showed a certain deficiency if the stools became diarrhcic. 



Fi&. 10 — Development of sacral hernia from sacral anus The sphincter had been preserved 

II. Primary P'ldl-Througli Operation Follotved hy Fistulas, Their Response to 
Treatment and End-Results (Six Cases ). — 

Case 1. — The patient W'as a woman of 06 years with a tumor 8 cm. from the anus. 
On Aug. 18, 1940, extended sacral operation was performed without preliminary colostomy, 
with resection of 20 cm. of bowel followed by primary pull-through. Recovery ^was com 
pUcated by urinary infection, pulmonary infarction, cardiac failure, and severe mental de- 
pression. Just above the normal sphinctei a fistula had formed. Rectal examination showed 
that the bowel had slipped back. The patient was discharged Dec. 1, 1940, after all com- 
plicating symptoms had subsided. Altliough she still had a fistula from which, during 
defecation, a strip of feces the thickness of a match escaped, her condition w.as quite 
satisfactory, as there was a normaUj- registered desire for stool and fuU continence. Treatment 
consisted in rivanol irrigation (1:2000) and warm baths. In December, 1941, the woman 
suddenly died, apparently from heart failure. 

C\SB 2. — The patient was a woman of 3S years, with a tumor situated at three finger 
widths above the pouch of Douglas. Nov. 25, 1943, a colostomy was made in the trans 
terse colon, followed, Dec. 6, 1943, by extended sacral operation with resection of 20 cm. 
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of bowel and primarj pull-tlirough. Tlie mucous membrane of the spliincter was left intact. 
Tlie segment of bowel which liad been pulled through slipped back and sacral fistula formed. 
The colostomy of the transverse colon did not function .normally either, and feces passed 
through the lower colonic segment. A new colo.stomy was, therefore, made proximally to 
the original one, also in the tran.sversc colon. As early as four weeks later, the 'sacral fi.stula 
closed. On digital exploration, it was found tliat there was a free communication between 
the sphincteric , portion and the bowel which had slipped backed and there was neither 
stenosing nor any detectable defect. Even on pressure or rcctoscopy, no internal fistulous 
opening was recognizable. However, before the colostomy could be closed, diffuse metastasiz- 
ing occurred in the lungs (Oct., 1944) so that the plan had to be abandoned. 

Case 3.-^The patient was a man, 48 years of age, with a tumor which could only 
be establisiied on rectoscopy as lying at a distance of 38 cm. above the anus.' Hov. 35, 3943, 
a colostomy was made in the transverse colon which, however, severely taxed the patient, 
who was suffering from angina pectoris and myocardial insufficiency. Dec. 31, 3943, ex- 
tended sacral operation' was done. The tumor was found at approximately tlirec finger 
widths from the Douglas fold. Altliough the mesosigmoid was .short, it was po.ssiblc to resect 
30 cm. of bowel up into the healthy tissue, and the sigmoid loop could be pulled through 
the anus (primary method). To .shorten the operation, the mucosa of tlie sphincteric por- 
tion was left in place. The patient stood the r.adical operation better than the colostomy. A 
small sacral fistula developed which was improved by baths and rivanol irrigations, 'U'hilc 
its complete closure, under ambulant treatment, did not occur before May, 3944. By October, 
3944, the patient had no fistula and the peripheral inte.stinal segment was in perfect order. 
Owing to his heart condition, tlie closure of the colostomy was postponed, tlie opening, liow- 
ever, shrinking more and more and as the patient informed us, no more than about one- 
third of the feces passed through it while the remainder left the bowel by the natural way, 
with full retention and normal sphincteric function. 

Case 4. — Tlie patient was a man of 30 years, with a tumor about 10 cm. above the 
sphincter. Dec. 23, 3944. colostomy was performed on the transverse colon, followed, on 
Jan. 7, 3944, by radical operation (extended sacral method with primary pull-through). The 
mucosa of the sphincteric region was left intact. It was, however, possible, to place a 
great number of sutures between the part of the bowel which liad been pulled through 
and the sphincteric portion. Thirty centimeters of the bowel were rcscctcdr Becovery was 
normal, but a small sacral fistula developed which could be brought to closure by a four 
months’ ambulant treatment. Eollow-up examination (August, 3944) showed no recurrence 
and perfectly normal functioning of the peripheral intestinal portions. The patient was 
advised to have the colostomy closed to which he finally agreed in December, 3944. The 
patient was cured and discharged from the ho.spital with perfect continence. 

Case 5. — The patient was an extraordinarily obese woman of 47 years, with a tumor 
8 cm. from the anus. Ho preliminary colostomy was made. March 33, 3944, extended sacral 
operation was performed with resection of 32 cm. of bowel. There "was a hemorrhage 
from the sphincteric portion -which had been deprived of its mucous membrane, which could, 
ho'U'ever, be arrested by tamponing. The hemorrhage did not cause her any harm, but 
owing to either the packing or the pressure of the hematoma, partial necrosis occurred 
in the intestine and two sacral fistulas developed. Healing under ambulant treatment was 
complete in August, 1944, although no colostomy had been made. Follow-up examination 
(October, 1944) revealed a small sacral fistula, the channel being the width of a match, 
with some discharge of secretion occasionally allowing the escape of feces, and full con- 
tinence. No surgical intervention -n-as, therefore, deemed necessary. 

Ca.se G. — The patient was a woman, aged 32 years, presenting a high, rectosigmoidal 
tumor. Dec. 35, 1943, colostomy was established in the transverse colon and on that occasion 
no metastases were noted in either the liver or colon. January, 1944, radical operation inth 
primary pull-through ivas performed by the sacral approach. Tlie bowel segment used for 
the pull-through developed gangrene, the wound had to be re-opened, and a sacral anus 
formed. An attempt to induce the sacral anus to prolapse by the pressure method out- 
lined pre\-iously was successful. In April, 3944, it had already growm to a length tha 
allowed the performance of a secondary pull-through operation. At that time the 
began to complain of abdominal symptoms and developed ascites. After withdrawal' of nm 
the metastases could be felt in tlie liver. The idea of a secondary pull-through operation wa^, 
therefore, abandoned. Tlie fluid was several times drawn off and the patient died m • 
cachectic condition in August, 1944. 



MANDL; PRIMARY AND SICCONOAKY PUIilrTHHOUail OPKIJATION o3o 

III. Secondary Pull -Thro uylt Oparalion After Padicol Operaiion With 
l^rcscrvalion of Sphinrfer Ani . — 

Case 1. — Tlie patient was a woman, aged GI’. years, with carcinoma 12 cm. above tlie 
anus, with circular stenosis. Oct. 30, 1940, colostomy of the transverse colon was constructed. 
Nov. 17, 1940, extended sacral operation was done. The sphincter was not touched, after 
45 cm. of bowel had been mobilized. TIio tumor was above the pouch of Douglas. Together 
with the carcinoma, two polypi had to be removed. Owing to shortness of the colon, the 
operation was terminated by construction of a sacral anus. The sphincteric portion was 
ligated and buried. Recovery was interrupted by various complications (thrombophlebitis, 
pulmonary infarction) and not before July, 1941, ^could the patient be discharged. By 
encouraging the patient to make pressure exercises it was x>ossil)lc to induce the sacral 
•anus to prolapse, so that soon suilicient length of bowel was available to bo pulled through 
the sphincter which had been left intact (July 27, 1941). Healing was normal and no fistulas 
formed. Continence was fully restored. Toward the end of 1941, the patient developed 
severe polyarthritis with high temperature and myocardial insuflficiency. She died toward 
the end of 1942 from acute cardiac disease. Clinically, neither local recurrence nor metas- 
tasizing could be detected. Since the patient died at homo, no autopsy was made. 

Case 2. — The patient was a man, aged 40 years, a waiter, with a family history of 
caicinoma. Eight centimeters fiom the sphincter, there was a tumor of the po.sterior bowel 
wall. June 9, 1943, colostomy was performed on the transver.se colon. June 30, 1943, 
radical operation (e.xtended sacral method) was done. The sphincter could be spared. 
Owing to shortness of the bowel that could be mobilized, primary pull-through operation 
proved impossible and a sacral anus was established instead. The sphincteric segment wa.s 
ligated and buried. The patient was encouraged to make pressure exercises and by October, 
1944, a prolapse approximately 4 cm. long had protruded from the sacral anus. As there 
was no recurrence, secondary pull-through operation was performed with satisfactory result 
in January, 1945. 

Case 3. — The patient was a man of 3C years, who was admitted to the hospital in , 
November, 1942. He had a stenosing tumor, at 15 cm. distance from the anus, for which 
rectoscopically as well as microscopically a diagnosis of carcinoma of the recto-sigmoid was 
made. 

A preliminary colostomy was established in the transverse colon and on that occasion 
we satisfied ourselves that no metastasizing had so far occurred into the abdominal cavity. 
Radical operation (extended sacral method) followed on Dec. 11, 1942, during which 30 cm. 
of bowel were resected, together with its lymph nodes, and a sacral anus established after 
preservation of sphincters. The lymph nodes showed no mieioscopic evidence of malignancy. 
Healing was smooth. 

Follow-up examination (November, 1944) showed a sacral hernia, the size of a man’s 
fist, in a patient of an otherwise satisfactory state of general health, with normally func- 
tioning colostomy. The sphincteric segment which had been left in place on the occasion 
of the radical operation, had grown together at its upper circumference. 

Jan. 4, 1945 operation was done on sacral hernia. A large segment of bowel, after dis- 
secting off its adhesions to the Douglas pouch, was mobilized. An incision was made at a 
level between the base of the hernia and the upper part of the sphincter, and the “roof” 
of the latter reopened. The portion of bowel mobilized from the sacral wound was then 
pulled through the sphincter, the mucosa of which was left intact. The part used for the 
pull-through was in a normal state of nutrition and protruded by approximately 7 cm. from 
the natural anus. This protruding portion was later amputated. Tlie sacral wound healed 
without fistulas (with some rehiscence of skin). The passage between the sphincter and the 
large intestine was free. On Jan. 14, 1945, the colostomy was closed by means of a 
Mikulizc clamp. 

STATISTICS 

In seven out of fifteen cases (aftei’ deduction of one fatal case) primary 
pull-through operation was done with satisfactory results that is, in 46.6 per 
cent) (Group I). 

In Group II statistical calculations are difficult since in one of the eases the 
colostomy has not yet heen closed, although there ls every chance that the patient 
will have continence restored. Cases 1 and 5 regarding continence, can be con- 
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sidered as successful, while Case 6 was a complete failure. Owing to the 
diversity of the material, no accurate percentages can he given and it should 
be left to the reader to fonn his oum opinion. 

The secondary pull-through method was done, for external reasons (scarcity 
of beds available in. the hospital), on only three patients, with good results in all. 

In twelve out of sixteen eases, tlierefore, tiiat is in 75 per cent, continence 
could be restored either by primary or secondary pull-through operation (e.x- 
eludiug the one case in which the colostomy has yet to be closed). 

SUMMARY 

Guided bj^ the idea that the restoration of continence is of prime importance, 
any radical operation which does not arrange for this possibility, although it 
would not imply loss of radieality, is regarded as imperfect. After referring to 
the methods suggested for this purpose in the Anglo-American, the French, and 
the German literature, the technique of tlie primary (Hochenegg) and the sec- 
ondary (Weil) pull-through method is described, the latter by “artificial pro- 
duction” of prolapse (Slandl) from the sacral anus and operation on the sacral 
hernia. The pull-through procedure may be used equally as -well after dorsal 
(sacral) or combined (abdomiuosacral) radical operation. So far the method 
devised by Hochenegg holds the greatest promise of success, regarding the 
restoration of continence after operation on the rectosigmoid, provided the in- 
dication is strictly adliered to. Nevertheless, it could be employed in only a 
certain number of cases of carcinoma (31.4 per cent of all cases) and was, in 
46.6 per cent, followed by smooth healing by first intention. This percentage 
was further increased by adequate treatment of complications and by secondaiy 
pull-through operation, to 75 per cent. 

A complete list of ease records for the past five years is added. 

It is pointed out that colostomy should precede the pull-through operation. 
Technical details are described. The method may be further developed. 
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ACUTE COLONIC OBSTEUCTION SECONDARY TO CARCINOMA OF 
THE SIGMOID COLON WITH GANGRENE OP AN EXTENSIVE 
SEGMENT OP THE LARGE BOWEL 

-• A Case Report 

Captain Arnold J. Kremen, Medical Corps, Army op the United States’” 

A cute mechanical obstruction of the colon due to carcinoma is not an un- 
common occurrence. In the presence of a competent ileocecal valve, which 
allows the entrance of intestinal contents into the cecum but prevents the reverse 
flow of cecal contents into the ileum, extreme dilatation of the colOn proximal 
to the site of obstruction and perforation of the cecum is the usual course of 
events, if prompt, decompression of the obstructed bowel is not effected. An 
occurrence of gangrene of an unusually large segment of the colon coming on 
nine hours after the onset of sjmiptoms of obstruction appears .sufficiently note- 
worthy to merit mention in the surgical literature. 

case report 

A 43 year-old white soldier was admitted to an Army General Hospital at 1 P.M., May 34, 
1944. The evening before he had felt quite well, had worked for several hours, and had gone 
to bed aiound midnight. On awakening around 6 A.M., May 14, 1944, he experienced some 
mild lower abdominal cramps which became progressively more severe in the next hour, 
associated with abdominal gurgling noises. He had one small, apparentl}’ normal bowel move- 
ment shortly after the onset of the cramps, following which he passed no further gas or 
fecal matter by rectum. The cramps increased in severity throughout the morning and about 
three hours after the onset of his illness a progressive distention of the abdomen was noted 
along with a continuous pain between cramps. The patient felt nauseated but had no emesis. 

About five weeks prior to this illness the patient had a similar, but milder, episode 
which lasted several hours and then spontaneously disappeared. His bowel habits and move- 
ments had been apparently normal. About ten months previously the patient had had a 
thorough gastrointestinal study in the United States, including colon x-ray and proctoscopic 
studies, following an attack of diarrhea. These studies apparently had yielded no positive 
results. 


Received for publication, March 31, 1945. 
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PliVhioal exainination slioitly aftoi a(liiii>-Moii to tlic Im^pital i(’\palc!(l an acufplv ill, 
\Nliito roan, 43 jeais of a<,a‘. , IVmpciatuic l)y rcphmi wa'. 100” T., piiKo lak- 124, Wood' 
piessuro 300/1)0. 'I'lio abdnnipii wav tcnvely distended and ligid lliiouglioiit. 'I’licrc was 
marked tendenic’'S in all rjuadrantv of the abdomen. Borauve of llic extreme distention and 
rigidity it was difficult to elicit rebound tenderness. On auscultation of the abdomen for a 
ten-minute period, no borborjgmi could bo heard. On digital examination of the rectum a 
tender boggy indefinite mass in the cul-de sac could be felt. There was no blood noted in a 
small piece of fecal mattei removed with the examining finger. 

A scout x-ra}' film of the abdomen revealed a roatkedK dilated loop of colon occupying 
the area of the hepatic flexure (Pig. 3). The splenic flexure was moderately dilated with gas 
extending down into the area of the .sigmoid colon. Study of the patient’s urine revealed no 
abnormalities other than 35 to 20 white and red blood cells per high-powered field and fairh 
numerous granular casts. The white blood count wa« 9,300 of which 8,3 per cent were polv 
morphonucleai cells, 34 per cent Ivinphocvtes, and 3 per cent monocytes. 



Fig 1 — Scout x-ra> fllni of the abdomen showing extreme dil.vtation of the right colon 


A diagnosis of possible volvulus of the sigmoid colon oi acute mechanical obstruction 
of the sigmoid colon, possibly due to carcinoma, was made. After leceiving 500 c c. of plasma 
the patient was taken to the operating room. 

The operation was started at 3 p.si. under ethei oxygen anestliesia through a lower 
abdominal left rectus incision. When the peritoneal cavity was entered, about 3,000 c c. 
of brown, foul-smelling peritoneal fluid was encountered. (A culture of this fluid subsequentiv 
revealed no growth of any organisms after fortj -eight hours.) The colon was found to be 
enormously dilated and gangrenous. Because of the extreme distention it was impossible 
to mobilize the bow’el sufficientlj at this stage of the operation to ascertain the extent of the 
involvement. To gain exposure, the upper end of the left rectus incision was extended lateral ! 
and to the right, above the umbilicus, to beyond the lateial boidei of the right rectus muse e^- 
In this manner satisfactory exposure was obtained. The entire colon from ileocecal valve o 
the midportion of the descending colon, where the process faded off to healthy looking bone, 
was found to be gangrenous. Theie were several serosal rents over the cecum and “ 

colon but no perforation had occuiied. The terminal ileum was of normal size 
ance In the sigmoid colon, about 13 cm. above the peritoneal reflection, was a small, . 
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constricting, napkin ring-shaped tumor, ahout 3 to 4 cm. in dinmotor. Bccau.sc of tlic 
gangrene of the colon no procedure other than colectomy was feasible. This was started by 
transecting the ileum about 4 cm. proximal to the ileocecal junction. Colectomy (Pig. 2) was 
then undertaken beginning at the cecum and progressing domi the colon to about 5 cm. below 
the carcinoma. No spillage occurred during this procedure. No enlarged lymph glands or 
metastases of the carcinoma to othei organs were noted. The .stomata of the distal portion 
of the sigmoid colon, a segment about 10 cm. above the peritoneal reflection, and the terminal 
ileum were brought out side by side through the left rectus part of the incision. The remainder 
of the operative wound was closed in layers without drainage. During the operative proce- 
dure, which lasted three hours, the patient received 1,000 c.c. of whole blood, 750 c.c. of plasma, 
and 1,000 c.c. of normal saline. At the completion of the operation the patient’s condition 
was satisfactory, the blood pressuie uas 118/70, and the pulse rate was 140. 

Postoperative!}’ the patient had continuous suction applied to an indwelling nasal gastric 
tube and to a catheter in the ileostomy stoma for three days. He received penicillin at tlirce- 
hour intervals intiamusculaily, 240,000 Oxford units in all being gi^^n daily for three days, 
then 120,000 units for tuo days when it was discontinued. Aside from a moderate wound in- 
fection about the ileostomy stoma, the patient’s postoperative couise was satisfactory. The 
highest postoperative temperatuie was 101.8“ P. by rectum on the second and third post- 
opeiative -days, after which it diopped to normal. 



Fifj. 2 — Colon at the time of operation with the cecum and the appendix from which 
a forceps is hanging held uppermost. The color change of the black gangrenous colon can 
be coinpaied to the coloi of a normal loop of ileum seen below in the operative wound. 

Pathologic Pepoit (Pig. 3). — The specimen consisted of a segment of colon (sigmoid 
thiough cecum) 137 cm. long and attached appendix and 4 cm. segment of ileum. At the 
cecum it measured 14 cm. in diameter and toward the distal end 6 cm. m diameter. At a point 
o cm. above the distal plane of excision there was an annular, constricting, ulcerated, in- 
durated tumor 4 cm. long. The lumen was reduced to about 1 cm. in diameter. On section 
the entire wall of the bowel was induiated and the overlying adipose tissue was adherent to a 
.slightly granular .serosal suifaee posteiioily. There were no nodes in the scant amount of 
attached meseiiteiy. Fiom a point S cm. abo\e the liiinor to the ileocecal vahe, the entile 
wall of the bowel was black and softened, and became progiessitely thinner as the cecum 
was approached. There were several splits in the seros.a oter the cecum. The lumen contained 
gas and about three liters of watery fecal material. 
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Microscopic.— A section from the tumor shoned the entire null of the colon to he 
irregularly infdtrated with poorly diffciontiatcd glands and «mall no'^t'- of epithelial cell«. 
The tran‘.vorso colon shoned necrosis, most c\tensirc in the inncosi, extensile submucosal 
edema, and diffuse polymorphonuclear infiltration through the submuco^-a, serosa, and patctu 
in the muscularis. The cecum shoned neciosis insohung all lajcrs of its nail There ncre 
but a few isolated leHcoc 3 -tes. 

Diapiwsci, — Adcnocarcmoma of the sigmoid colon and gangrene of the colon. 

Julj' 7, 1944, under combined intraxenous pentotlial and spinal mctjcaine anesthesia, 
the patient was reoperated upon. The colostomy and ileostomy stomata nere dissected free 
and an end-to end intraporitoneal ilcosigmoidostomx' nas performed. On exploration at this 
time no endence of recurrence of the carcinoma was noted. At the time this paper was sub 
mitted for publication, one month after the last operation, the patient is entirely well, and has 
about three soft, w ell-cojitrolled bowel morements daily. 


I 



Fig. 3 — Resected specimen 

Wangensteen^ has pointed out Unit, in the distention of complete laigc bott el 
obstructions, tlte intraluminary tension exerted on the cecal wall, Imcausc of ds 
greater diameter, is greater per squat e centimeter than in any other segment 
of the colon. For this reason perforation of the cecum usually occurs Itefom the 
intralumiiiaiy pressure becomes sufficiently high to compromise the viability o 
the remainder of the colon. This case is unique in that gangrene of the colon, 
from cecum to descending colon, occurred in the relatively short period of nine 
hours without resulting in perforation at the usual cecal site. 

^Wangensteen. O H The Therapeutic Problem m Bowtl Obstructions, cd 2, Spnngflcld, 
III , 1942, Chnrles C Thomas, publisher. 



THE USE OP A TEANSVERSE ABDOMINAL INCISION IN, AND 
COMMENTS ON, THE SURGICAL TREATMENT OF 
INFANTILE PYLORIC STENOSIS 

Colonel Edmund Hougan, Medicai. Coups, 

Army of the United States 

T he recent comprehensive review bj’’ Szilagyi and McGraw^ of all phases 
of infantile pyloric stenosis makes an extended discussion of most aspects of 
the subject unnecessaiy at this time. These authors’ historical review of 
surgical therapy, however, contains no mention of a tjTpe of abdominal incision 
which I have used for some time vnth such satisfactory results that I think 
it worth 'describing. 

description of procedure 
The steps of -the operation are as follows: 

1. A high transverse incision is made on the right side between the um- 
bilicus and the ensiform cartilage, through the skin and subcutaneous tissues. 

A second transverse incision is made in the anterior sheatli of the right rectus 
abdominis muscle. The sheath of tliis muscle is dissected free from the muscle 
fibers and retracted upward and dowward (Fig. 1). The rectus abdominis 
muscle is dissected from the posterior sheath ail'd retracted mesially. A third 
transverse incision is made in the posterior sheath of the muscle and the peri- 
toneum (Pig. 2). 

When the dilated stomach “presents itseK in the wound, as it does im- 
mediately upon the completion of the peritoneal incision, the prepyloric portion 
can readily be grasped and the hypertrophied pylorus delivered into the wound, 
where it is held between the left index finger and the thumb. 

2. A modified Predet-Weber-Rammstedt operation is caiTied out. Two 
longitudinal .incisions are made in the hypertrophied pylorus through the 
serosal and muscular coats and the edges of both incisions are spread apart with 
' Mayo dissecting scissors, so that the mucosa bulges into them. The pylorus is - 
then released and is permitted to drop back into the peritoneal cavity. 

3. After the intra-abdominal procedure has been completed, the posterior 
sheath of the right rectus abdominis muscle is closed with interrupted cotton- 
sutures (Fig. 3). The' retracted muscle is released and is permitted to return 
to its normal position. The incisions in the anterior sheath of the rectus muscle 
and in the skin are also closed with interrupted cotton sutures. 

A compression dressing of fluffed gauze or cotton waste is placed over the 
wound and strips of elastic adhesive plaster are applied diagonally. Slight 
pressure is thus achieved, while at the same time there is no constriction that 
would interfere vnth respiratory movements of the chest and upper abdomen. 

analgesia 

Local analgesia, which is often stated to be unsuitable for operations in 
very jmung children, wiU prove entirels'- practical if, when the child is placed 
on the table or shortly before, he is given a sugar teat made of a piece of muslin 
or of several thiclmesses of gauze saturated with a solution of equal parts of 
whiskey and water, and is pennitted to suck it throughout the operation. 
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Fig, 1. — The light rectus abdominis muscle has been exposed by a transverse incision 
through the skin, subcutaneous fatty connective tissue, anil anterior muscle sheath. The an- 
terior slieath has been dfs.sected from tlic right rectus muscle and is retracted upward and 
downward. 

Pig. 2. — The right rectus abdominis muscle has been retracted mcsiallv and a transverse 
incision has been made through the posterior .sheath and the peritoneum. 
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The abdominal M'all and the operative field are blocked bj’’ tlie injection 
of a solution of 0.5 per cent novocain, very little of which is used in the fascia, 
muscle, and 'peritoneum. The perimeter of the injected area, however, should 
be sufficiently large to permit the incision to be made and the wound edges 
to be retracted without disturbing the child. If tlie initial injection is made 
correctly, the entire operation can be completed without a second injection. 

DISCUSSION 

Unquestionably, certain mild cases of p 3 'loric stenosis can be treated satis- 
factorily by nonsurgical measures. On the other hand, if surgery Avere done 
promptly in all eases, the general results Avould undoubtedly be matcriallj" 
impiwed. The surgical results, particularlj' in America, have improved con- 
sistently o\mr the yeai’s, but the death rale in this disease is still too high, 
chieflj^ because patients are held on dietaiy and medical treatment for long 
periods of time, the average phj'sieian or pediatrician being reluctant to recom- 
mend operation for infants. In short, as many writers have pointed out, a 
large part of the surgical mortality in pjdoric stenosis is reallj’’ nonsurgical 
in origin. , 

Part of the.mortalitj' in infantile pA'lorie stenosis, hoAvever, is also due to 
inadequate preoperative and postoperative care. To delay surgeiy for preopera- 
tive preparation is essential in the usual case and a Avise precaution in almost 
eA^erj' case, for the nutritional status of these infants is seldom optimum. .A 
poor surgical risk can usually be transformed into a better one, or even into a 
good one, by such measures as the subcutaneous injection of physiologic salt 
solution, the intravenous use of plysiologic salt solution combined Avith dextrose 
or Avith Hartmann’s modification of Ringer’s solution, and repeated small blood 
transfusions. If there is difficulty in administering these solutions by AA^ay of an 
arm or a lieek vein, tibial puncture can be resorted to; the bonj’- tibial cortex is 
not hard at this period of life, and usually entrance can be made Avith a verj'' 
light rotating motion of the needle, although aseptic precautions must be taken. 
Injection by Avay of the longitudinal sinus is another possibility. 

Preoperathm medication, including all types of sedation, is unnecessaiy and 
may be actualty injurious. The same holds true of gastric lavage and in- 
tranasal gastric intubation. Both of these measures tend to increase tlie inci- 
dence of respiratory complications, particular!}' aspiration pneumonia, and are 
never necessary if oral feeding is discontinued for tAvelve hours before operation. 

Oral feeding is not resumed until tAA'elve hours after operation, and the 
first feedings are at long intervals. The intervals are gradually shortened as the 
stomach adapts itself to the handling of food. If the infant has been breast fed, 
the maternal milk should be pumped out and used. OtherAAUse, small feedings of 
a thin formula, or even of Avater alone, are best until a regular feeding schedule 
Avith an adequate formula can safely be instituted. 

Vomiting is not uncommon for one or tAAm days after operation. Occa- 
sional!}' it is frequent and lasts for scAmral days, for Avhich there are tAvo possible 
explanations; (1) The enlarged, irritable stomach is accustomed to emptying- 
itself in this manner. (2) FolloAving pyloromyotomy the mucous membrane 
and musculai’is become SAvollen and edematous, and it may be some days before 
the tissues return to their normal state and the stomach can freeh' empty into 
the duodenum through the pyloric ring. 

In all patients, and particularly Ihobc in Avhom vomiting occurs, the use of 
parenteral .solutions, including blood, is as AA'ise after operation as it is neces- 
sary before, itty oavu experience is that AA'lien these measures arc employed the 
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operation is attended with little shock, convalescence is smooth, peritoneal infec- 
tion and wound infection seldom occur, and disruption of the wound is almost 
never observed. 

As far as I know, no abdominal incision preciselj’' similar to the one I have 
described, for approaching the hj-pertrophied pylorus, has previously been re- 
corded. Davis,- in 1944, proposed a somewliat similar one which, however, in- 
cluded a longitudinal incision of the fibers of the right rectus abdominis muscle. 

I believe that the abdominal incision which I have proposed is superior 
to this incision, as weU as to the other incisions ordinarily used (high right 
rectus, high midline, right subcostal) for the following reasons : 

1. Since the appi’oach to the pylorus is by waj’- of the fascia, no 
muscles are injured. 

2. The incision is directly over the prepyloric region of the stomach, 
which makes it possible to deliver the hypertrophied pylorus into the 
wound without difficult and traumatic manipulations. 

3. Closure is simple, and when it is accomplished there is no tension 
on the suture lines in the anterior and posterior rectus sheaths, between 
which the right rectus abdominis muscle lies as a buffer. Dehiscence 
of the wound is therefore highh’’ rmlikely, even if vomiting is persistent. 

4. The infant can be placed on the side, if desired, immediately 
after operation, and in the prone position \rithin a few hours. 

5. The minimum trauma produced by the incision favors prompt 
healing of the womid. 

I have' deliberate!}^ termed the basic operation for infantile pyloric stenosis 
the Fz'edet-Weber-Eammstedt operation, although it is usually knomi merely 
as the Eammstedt operation, or at most as the Predet-Rammstedt operation, 
Weber’s contribution being entirely ignored. A note on the evolution of the 
procedure therefore seems in order. 

Pyloroplastj’', which was the preferred surgical treatment for infantile 
pyloric stenosis in the first years of this century, clearly did not solve the prob- 
lem. Predet,^ who performed his fiist operation Oct. 12, 1907, obriated its 
two most objectionable features (opening of the infected gastric cavity, which 
invited peritonitis, and sectioning of the vascular • mucosa, which introduced 
the risk of hemorrhage) by cariying the longitudinal incision only to the 
mucosa and by not opening the stomach. He sutured the muscularis trans- 
versel}', but noted that the tension on the muscular layers of the pylorus was 
so excessive that a diamond-shaped area of mucosa had to be left uncovered. 

In Germany, Weber,"* without knowledge of Fredet’s work, used the same 
technique, on Dec. 3, 1908. Unlike Fi-edet, who used the procedure only once, 
he employed it in three patients, in one of whom death occurred from hemor- 
rhage. The operation was severely criticized, and no one else performed it until 
September, 1911, when EammstedU performed it, using Weber’s technique, 
without knowledge of Fredet’s work. 

Rammstedt’s patient vomited pex-sistently for several days, after which 
vomiting abruptly ceased and recover}’- -was smooth. The abrupt turn for the 
better, he speculated, could be explained only by the givmg way of the sutures, 
which permitted the wornid to right its direction, the edges to separate, and 
the mucosa to protrude. Three months later, in Januarj-, 1912, Rammstedt 
operated for pyloric stenosis by the same technique, but omitting the sutures, 
and thus the modem operation was born. Incidentally, after Rammstedt’s wore 
was popularized, Fredct resumed the operation; in the thirteen years whiea 
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had intei’vened since he first performed it, he had treated infantile pyloric 
stenosis by gastroenterostomy. 


SUMMARY 

A transverse abdominal incision for use in the approach to the hyper- 
trophied pylorus in infantile pyloric stenosis is described, and has not, as far 
as can be determined, been previously described. Certain phases of preopera- 
tive and postoperative care which add materially to the safety of the operation 
are also discussed. 

REFERENCES 

1. Szilagyi, D. E., and McGraw, A. B.; The Problems of Infantile Pyloric Stenosis With 

Particular Reference to Surgical Treatment. A Survey of the Pertinent Literature 
• and a Clinical Analysis of Thirty-Four Cases, Surgery 13: 764-818, 1943. 

2. Davis, H. H.: Right Rectus Gridiron Incision in Congenital Hypertrophic Pyloric Stenosis, 

Surg., Gynec. & Obst. 78: 213, 1944. 

3. Dufour, F., and Frfidet, P.: La stenose h 3 ’pertrophiquo du pjdore chez le nourrisson 

et son traitement chirurgical. Rev. do chir. 37: 208-253, 1908. 

4. Weber, W.; Ueber eine technische Neuerung bei der Operation dcr Pylorrusstenose des 

Sauglings, Elin. Wclmschr. 47: 763-765, 1910. 

5. Rammstedt, C. : Zur Operation der angeborenen Pylorusstenose, Med. Klin. 8: 1702-1705, . 

. 1912. 


GANGRENOUS CYSTITIS 

Etiologic Classification and Treatment 

DaVid S. Cristol, M.D.,* and Laurence P. Greene, M.D.,t Rochester, Minn. 

S TIRLING and Hopkins,!: in 1934, reviewed the literature concerning gan- 
grene of the bladder. They found reports of 207 cases, to which they added 
reports of two cases of their own. Most urologists and pathologists agree that 
this frequently fatal condition is much more common than the case reports would 
indicate. 

Many etiologic factors have been mentioned in connection with the I’eports 
of cases that have appeared in the literature. On the basis of these factors we 
evolved the classification shouni in Table I. A variety of names for the pathologic 
changes also have appeared in the literature. These include croupous cystitis, 
diphtheritic cj^stitis, dissecting gangrenous cystitis, exfoliative cystitis, gangren- 
ous cystitis, membranous C3'^stitis, and pseudomembranous cystitis. 

Apparently gangrenous cystitis has been found most frequentlj’" in women. 
In the majority of cases the condition has been thought to be a complication 
of labor. It is attended by a high mortality. Stirling and Hopkins found 
that of the 200 cases in which the outcome was known, death had occurred in 
120 and recovery in only 80. More recently cases of gangrenous cystitis asso- 
ciated ivith excessive coagulation after transurethral prostatic operations have 
been added to the literature. 

The clinical picture is most frequently one of severe infection of the urinaiy 
tract. The accompanying constitutional reaction is extreme if the process has 
extended to the kidnej’^s. Boardlilie rigidity of the abdomen is evident in those 
cases in which tlie peritoneum is involved. Fetid ammoniacal urine containing 
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Tauij: I. Etioi,oov or GAXOJ!K.vot;« Cystitis" 


I. Direct causes: Production of cellular death 

A. Chemical irritation 

1. After instillation of solutions that arc too caustic or too acid, intentionally for the 
treatment of cystitis or accidentally for the induction of abortion 

B. Physical irritation 

1. Secondary to excessive thermal, roentgen, or radium exposures 

C. Infections 

1. Protracted chronic cystitis (frequently as'-ociated with vesical overdistention) 

2. Associated witli general systemic infections (typhoid, diphtheria, bacillary dysentcrj-, 
and so forth) 

II. Indirect causes; Interference witli blood .‘=iipply and nutrition of bladder 

A. Mechanical closure by pressure, ligature, or o\-erstrctching of ti.>-suos 

1. Chronic urinary retention with overdistention of the bladder from any cause (im- 
pacted vesical or urethral calculi, urethral stricture, ruptured urethra, 'prostatic hy- 
pertrophy, general surgical procedures, and so forth) 

2. Bxtravesical pressure as from a gravid, imparted uterus or inrareerated uterine 
myoma, usually associated with vcsic.al overdistention 

.1. Circulatory obstniction secondary to a surgical proccdiiic performed on, or adjacent 
to, the bladder 

B. Injury or disease of the blood vessels 

1. Transurethral operative procedures on the prostate gland 

^ 2. Difficult and prolonged labor 

0. Secondary to severe mechanical trauma of pelvis from without 

C. Thrombosis and embolism 

]. Secondary to causes of injury or disease of the blood vessels previously listed 

2. After roentgen or radium irradiations 

3. Metastatic bacterial emboli 

D. Disturbance due to nerve influences 

1, Cord bladders associated with overdistention and urinary infection. 

•General conditions, .such as ace, diabetes, nephrlti.s, acute disease (typhoid fever), and 
debility, which are believed to weaken the tissue resistance, promote these causes. Tlic ac- 
tivity of the process can be facilitated further by .sccondarj- introduction of bacteria. 


much pus, blood, albumin, detritus, and bits of membrane containing vesical 
tissue is practically diagnostic. 

Treatment consists of early and adequate drainage. In men, early supra- 
pubic drainage with removal of the necrotic membrane is advocated by all authors 
who have discu.ssed treatment for tliis condition. After recoveiy, treatment of 
any lesion which causes interference with the vesical blood supply should be in- 
stituted. Occasionally spontaneous cure may take place in women since the 
urethra is sufficiently ample to permit the passage of necrotic material. How- 
ever, as illustrated by the accompanying case report, spontaneous extrusion 
of the necrotic material may result in apparent!)^ permanent urinaiy incon- 
tinence. 

' This case is reported for the following reasons; (1) It represents a case 
of spontaneous cure; (2) the extruded material is a complete cast of the bladder 
(Fig. 1) ; (3) A careful follow-up study reveals that perhaps women as 'well as 
men should receive early suprapubic drainage with removal of the necrotic 
material in the hope of avoiding damage to the external urinary sphincter. 


REPORT OF CASE 

An. unman ied white woman, aged 04 years, was admitted to the Mayo Chnic in 
Vugust, 1942. She was profoundly dyspneie and gave a history of having suffered from 
jronchial asthma for the last fifteen years. The asthmatic attacks always had been "’o”® 
he winter, but this year the respiratory discomfort had persisted throughout the sum 
Months. .She had been l.ospilalizcd and a letter from her local physician icvealcd that sl.c • 
uot responded to the u.sual fo.ms of tieatmenl. Five other lueo.l.e.s of he, fanoly alM - 
fered from bionchial usthriia. 

Physical examination revealed a tense and anxious nmn.au 
fering from severe respiratory embarrassment. She was well developed and noil nour 
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’J’ho cliost ^^as filled vitli imisicsil rale.s but otherwise pliysieul exuininnlioii lovealed no ab- 
normalities. lloeutgonogiain of the chest jevcalcd bilateral empliysoina. 

TIio patient proinplly was hospitalised and treated with an o.xygeu-heliuin niixluro and 
a variety of antiastliraatie drugs., De.spilc all Iheiapcutic nicasuieb she gradually became 
comatose and on the second day the outlook was considered to be grave. All laboratory teats 
were normal except that the concentration of urea was 9C mg. and of sugar was 140 mg. per 
100 c.c. of blood, respectively. The mine was free from sugar and contained many ca.«ts and 
no pus cells. 



Fig. 1. — Spontaneously extruded cast of bladder and urethra. 

The patient could not be aroused on the fourth day in the hospital, but she was moving 
all extremities and was breathing easier. A neurologic survey including examination of the 
cerebrospinal fluid and ocular fundi levcaled nothing abnormal. Urinary retention developed 
on the seventli day and catheterization was required until the seventeenth day. During this 
interval oliguria was present. The urine, which had been free from blood, pus, and or- 
ganisms, became grossly hemorrhagic on the eleventh day. By this time the patient was 
completely conscious and was breatliing normally. The urinary output returned to normal 
:uid the urine became clear on the thirteenth day. By the twentieth day the patient felt .so 
well that she insisted on returning home and was referied to the care of her local physician. 
At the time of dismissal, she had some urinary frequency. The concentration of blood urea 
was oS mg. and the amount of blood .sugar was normal. The urine contained many erythro- 
cjtes and an occasional pus cell. 
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The patient returned to the clinic approximately four weeks after dismissal from the 
hospital and reported that fire days previously she had passed a mass of tissue (Fig. 1) 
through the nretlira after three days of intense discomfort in the bladder. Since that ex- 
perience she had had no control over the excretion of urine, which had continued to be bloody. 
The expelled mass of tissue, wliich the patient presented in a bottle, was reported by the 
pathologists to be “partially necrotic and inflammatory bladder tissue." Careful physical 
examination was negative. TIic results of examination of the urine were negative except 
for many erythrocytes. The concentrations of both the blood sugar and the-blood urea were 
normal. An excretory urogram revealed no abnormalities. Cystoscopic examination under 
anesthesia induced by intravenous pentothnl sodium revealed marked diffuse cystitis with 
considerable residual old blood remaining in the bladder. All remaining necrotic material 
wms removed from the bladder and a catheter was left in place. Continuous irrigation- of the 
bladder with a solution of sulfanilamide was instituted for several days. Wlien the patient 
was dismissed on the tliird day she felt well but still had some urinary incontinence. 

In May, 1944, the patient returned for re-examination, -at our request. She was evi- 
dently in good health and was free from asthma. Although she periodically voided small 
amoimts of urine, she was generally incontinent. The concentration of blood urea was 76 mg. 
The urine contained many pus cells and an occasional erythrocyte. Culture of the urine re- 
vealed Escherichia cdli. An excretory urogram was unsatisfactory, but it did reveal little or 
no evidence of function in the right kidney. Cystoscopic examination performed under an- 
esthesia induced' by intravenous pentoth.al sodium demonstrated markedly reduced vesical 
capacity, grossly normal vesical mucosa, an apparently- normal left ureteral orifice, and a 
markedly shortened urethra. ' The right ureteral orifice could not be located. The patient was 
referred to her local physician for irrigations of the bladder and periodic courses of sulfon- 
amide therapy-. The abrupt and lasting cessation of bronchial asthm.a puzzled the internists 
who examined this patient. 

COJIJIENT 

» 

In the past the treatment pi’escribed for gangrenous cystitis has been de- 
pendent on the sex of tlie patient. Prompt suprapubic drainage tvith removal 
of necrotic material was recommended for men. Spontaneous extrusion of 
necrotic material or removal through the cystoseope was advised for women. 

A case of gangrenous cystitis in which the patient had expelled a cast of the 
bladder through the urethra has been presented. Since this experience resulted, 
in apparently permanent urinary incontinence, early suprapubic drainage for 
both sexes is recommended. 



HUMAN FIBRIN FOAM WITH THROMBIN AS A HEMOSTATIC AGENT 

IN GENERAL SURGERY 

Experimental Studies and Clinical Use 
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AND John J. Lowrey, M.D., Boston, Mass., and 
Lieutenant Edgar A. Bering, Jr., U.S.N.R. 

(From ihe Departments of Snrgery, Pathology and Physical Chemistry of the Harvard 
Medical School and from the Surgical Services of The Children ’s Hospital and the Peter 

Bent Brigham Hospital) 

C OIMPLETE hemostasis with minimal tissue injuiy is essential in all branches 
of surgery. This objective may be attained in many operative procedures' 
by ligature, endothermj^ and other methods, but there remain certain situations 
in which the techniques now available have their shortcomings. It appeal's, 
therefore, that in special situations new hemostatic agents may be of value. 

The fractionation of human blood plasma in the Department of Physical 
Chemistry of the Harvard Medical SehooP has provided a method for the prep- 
aration of human fibrinogen and tlirombin on a large scale.^ Prom these pro- 
teins, it is possible to prepare a spongy material, fibrin foam,® which becomes 
an effective absorbable hemostatic agent when soaked in human thrombin solu- 
tion. 

Experimental and clinical investigations from the standpoint of the neuro- 
surgeon^’’ have shown that fibrin foam with thrombin can be used to control 
bleeding from oozing surfaces, from the dural sinuses, and from large cerebral 
veins. Furthermore, when it is left in place, it excites a negligible tissue reac- 
tion. Studies were at first confined to the central nervous system. The situa- 
tions in which fibrin foam with thrombin finds its greatest usefulness are most 
frequent there; furthermore, small amounts of oozmg within the closed cranial 
cavity may be fatal, whereas the loss of the same quantity of blood in other 
tissues creates only a minor complication of wound healing. On the dura and 
Avithin the brain substance, previous studies^’’ have shown that the fibriivfoam 
rapicRy becomes more compact and is absorbed with only slight cellular in- 
filtration within a month or less. The final fibrous tissue reaction is so slight that 
it usually cannot be identified in tissue sections. The final reaction to a large 
quantity of fibrin foam with thrombin is less than that to a single black silk 
suture. 

There are certain operative procedures in general surgery during which 
the control of oozing from vessels not suitable for ligature may require a great 
deal of time or be difficult to effect with conventional techniques. These in- 
clude the cut siu'faces of the liver, kidney, and lung, as well as the abdominal 
wall, muscles, and peritoneum in certain patients, especially those with jaundice, 
hemophilia, and bleeding tendencies due to other causes. Fibrin foam with 
thrombin has been used under all these conditions and has been found speedily 
effective in controlling capillai'j^ and venous bleeding. While many studies of 
the tissue reactions to fibrin foam with thrombin in the central neiwous system 

This work has been carried out under contract recommended by the Committee on Medical 
Research between the Office ot ScientiBc Research and Development and Har\ard University. 

This paper is No. 33 in the "Studies on Plasma Proteins” of the Harvard Medical School, 
on products developed by the Department of Physical Chemistry from blood collected bv the 
American Rod Cross. 
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have been carried out, ve liave regarded investigations in other organs and com- 
parison until various absorbable liemostatic agents as essential liefore recom- 
mending clinical use of fibrin foam -with thrombin in general sui-geiy. It is 
the purpose of tliis report to describe these expertments and to discuss expe- 
riences until the clinical use of fibrin foam until llirombin in general surgery. 

nXl^ERIMEXTAL STUDIES 

Fibrin Foam With Thrombin in the Liver 
Circumstances requiring an absorbable hemostatic agent in general surgei-j 
are frequently encountered in dealing uith hepatic lacerations, tumors, or other 
lesions for which the liver parenchyma is incised. Experiments to determine the 


A. 



V 



Fig. 1. — Procedure 1. Experimental laceration of the liver, showing-: A, free hleedinS 
before the application of fibrin foam -nlth thrombin, B, hemostasis resulting from the use o 
fibrin foam tMth thrombin. 

tissue reactions to human fibrin foam with thrombin were therefore carried out 
in animals and these reactions compared udth those excited by various other 
hemostatic agents. All experiments were carried out under nembutal anesthesia 
luiless otheru-ise stated. Sections for histologic study were stained with phloxine 
and methylene blue after fixation in acetic Zenlcer’s solution. 

Procedure f.— The left lobe of the liver was delivered nito a laparotonp 
wound, so that about 3 cm. of its surface was exposed. A scalpel was plunge 
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into tlie liver to a depth of 2 cm. and drami through the liver substance for 
approximately 4 cm. The laceration of the liver -was then paclced with fibrin 
•foam with thrombin. One or two mattress sutures of black silk were placed in 
the liver capsule to close the laceration. Effective hemostasis was secured (Pig. 
1). This proeedui’C was carried out in five monkeys, whicli were autopsied at 
the folloAving intervals after operation : '30 minutes, 4 hours, 21, 70, and 74 days. 

Pathologic studies: Sections of uniniplanted fibrin foam, sectioned for com- 
parison (Pig. 2), Avere composed of meshes of fibrin Avhich stained deep blue 
Arith the phloxine-methylene blue technique. These represented cross sections 
of the honeycomb-like spaces in the fibrin foam. In the specimen obtained 30 
minutes after operation (Pig. 3) the fibers of the fibrin foam Avere little changed 
from those of the control specimen. Some of the spaces Avere filled Avith Avell- 
formed blood clot, indicating that blood oozing into the center of the mass 



Fig. 2 Histologic appearance ot flbiin foam before implantation (Phlovine metlivlene blue 

stain» X54.) 

of fibrin foam Avas promptly coagulated. Tliere Avere no leucocytes AAdthin the 
substance of the material but a fcAV groups of leucocytes Avere present at the 
line of incision. These AA'ere probably due to the trauma of the operation rather 
than to the presence of the fibrin foam, since they Avere found only along the 
line of incision. Adjacent liA'er cords Avere somcAAliat compressed but Avere 
othenvise normal. 

At 4 hour’s, the fibrin foam liad decreased markedly in A'olume. The meshes 
Avere much smaller (Pig. 4) and the fibers in most places took the phloxine stain, 
although some of them at the center still stained AAuth methylene blue. The blood 
clot in the intei-stices was still present and a vei-j’ Icaa polj’moi’phonuclear leu- 
cocAfies had made their appearance Avithin the meshes of the fibrin foam. In 
some areas, both at the center and ad.iacent to the Ih’er tissues, considerable 
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Fiff. 3. — Procedure 1. The monkey Iiad been sncrincod 30 minutes after the application 
of fibrin foam with thrombin to an experimental laceration of the liver. The meshes of the 
fibrin foam are beginnint^ to become smaller; they contain .«onie red blood colls. The adjacent 
cells of the liver parenchyma are pyknotic and somewhat fragmented as the result of the 
operative procedure. At thi.« stage tliere is no inflammatory cellular infiltration in response 
to the fibrin foam with thrombin. (Phloxine methylene blue stain, X300.) 



' 1 Tlic monkcy had been sacrificed 4 hours after the 

rin ffam’wFth thrombin to an e^PCrimcntel lac^^^^^ fpplic1it!in!''‘ The'y c'Smain clotted 

"l'“^^oTe1?fersfncrof'M^^^^^^ .to the fibrin foam at this stage, 

hloxlne methylene blue stain, X300.) 
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liquefaction of the fibrin foam had occurred, the spaces being occupied in sec- 
tions b}’- a phloxine-staining precipitate. Tliis process was not accompanied by 
leucocytic infiltration. 

At 21 days after operation, a small mass of fibrin foam was still demon- 
strable (Fig. 5). ,This was compact and showed little evidence of the original 
honeycomb structure. The fillers were swollen and took tlie phloxine slain. 
About the periphery, there was a .small amount of fibrous tissue proliferation 
with slight infiltration by mononuclear cells and lymphocytes. A few giant cells 
were present. 

In the animals sacrificed at 70 and 74 days no traces of fibrin foam were 
found. The wounds had healed with the formation of a cicatrix which did not 
seem larger or different in character from scars in which no fibrin foam had 
been used (Fig. 6). Conspicuous tissue reaction with giant-cell formation was 
found about' the black silk sutures.- 



procedure 1. The monkey had been sacrificed 21 days after the application of 
to ail experimental laceration of the liver. At the right of the 
!o ^“®re is a small compact mass of fibrin foam not yet absorbed. Scar tissue 

IS toiming at the center. (Phloxine methylene blue stain, XllO.) 


Result: Fibrin foam with thrombin satisfactorily controlled bleeding from 
experimental liver lacerations in five monkeys. Tissue reaction was minimal, 

the hemostatic material being almost completely absorbed in 21 days and en- 

tirely so at 70 daj's. The amount and character of the scar tissue was not 
demonstrably altered by the use of fibrin foam with thrombin. 

Procedure 2 . — A stab wound was made in the liver and a cube of fibrin foam 
1 by 1 by 1 cm., soaked in human thrombin solution, was inserted 1 cm. below 
the surface of the liver. The wound was closed with one black silk suture to 

serve as a marker. A cube of soluble cellulose of the same size and also soalfed 

in human thrombin solution was inserted at a similar depth below the capsule 
of a different portion of the liver. This procedure was carried out in five 
monkeys, which were sacrificed at the following intervals after operation : 11 
and IG days, and 12 weeks. 
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Paihologic sttidies: At 11 days, llie fibrin foam had been absorbed save for 
a few fragments. The fibers ivere clumped in .small groups atid the original 
honeycomb stracture had disappeared. At the centers of the fibers of residual 
fibrin foam, the material was deep blue, while it was stained with phloxine where 
it came in contact ■with the tissue. These remnants were surrounded by moderate 
numbers of polymorphonuclear leucocytes, mononuclear cells, and a few lympho- 
cytes. Giant cells were found about some of the smallest fragments. The amount 
of soluble cellulose remaining was approximately the same as that of fibrin foam. 



Fig. 6. — Procedure 1. The monkey liad been .sacrillced 70 davs after the application of 
fibrin foam -witlr thrombin to an experimental laceration of tlic liver. Tlie fibrin foam lias 
been completely absorbed and there are no characteristics of the .‘-car which can be coi related 
with the u.sc of this liemostatic agent. (Phloxine methylene blue stain, X200.) 

In the .specimen obtained at 16 days, the amount of fibrin foam remaining 
was similar to that found at 11 days. Fibrillar structure was no longer appar- 
ent, the fragments being homogeneous and staining entirely Avith phlo.xine. 
Giant cells v'ere more numerous Atdiile poI.ATnorphouuclear leucocytes had almost 
disappeared and had been replaced by mononuclear cells. Proliferation of 
connective tissue Avas present about the fragments of fibrin foam, blending Avith 
the rest of the scar tissue. Only minute fragments of the soluble cellulose aati-c 
found. The region in Avhich it liad been implanted was occupied by a mass 
of giant cells, often containing bits of the soluble cellulose, together AA'ith mod- 
ei'ate numbers of mononuclear cells and a fcAV poljTnorphonuclear leucocytes. 
There Avas proliferation of eomiective tissue in the region. Hoav much of this 
was due to the soluble cellulose and hoAA^ much to the healing of the incision 
per se could not be determined. 

No traces of fibrin foam or of soluble cellulose Avere found in the animals 
sacrificed 5, Si/>, or 12 weeks after operation. In all instances, the incisions Avere 
well healed by compact cicatrices containing no elements which could be re- 
lated definitely to implantation of either type of hemostatic material. 
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Result: Wlien embedded in the liver of monkeys, fibrin foam with thrombin 
and soluble cellulose with thrombin Avere absorbed at the same rate. Both 
caused tissue reaction of about the same amount and character. 

Procedure 3. — Procedure 2 was repeated Avith the variation that sulfa- 
diazine Avas used in conjunction Avith the hemostatic materials. Tlic pieces of 
fibi'in foam and of soluble cellulose Avei’c soaked in thrombin, taken from tlie 
solution, rolled in sulfadiazine poAvdcr, and then placed in the incision in the 
liver. Procedure 3 A\'as carried out in five monkeys, Avhich Avere autopsied at 
the foUoAving inteiwals after operation: 8 days, 5^, 8, 9, and 12 Aveeks. 

Pathologic stxidics: At 8 days, a portion of fibrin foam 6 by 5 mm. re- 
mained. AVhile the fibrin foam Avas more compact than unimplanted mate- 
rial, the meshes AA’ere still present and AA’ere filled Avith blood clot, Avhich aa'bs 
disintegrating. No giant cells and very fcAV polymorphonuclear leucocytes Avere 
seen at the periphery. Little proliferation of connective tissue A\'as seen. The 
pieces of soluble cellulose measured 3 by 7 mm. The tissue reaction to the solu- 
ble cellulose Avas almost identical Avith that induced by the fibrin foam. 

In the animals sacrificed at 5^^, 8, 9, and 12 Avecks, the incisions in the 
liver Avere entirely healed. No fibrin foam or soluble cellulose could be made 
out. There Avere no residua in the sear AA'hich conld be correlated AA'ith the im- 
plantation of either hemostatic agent or Avith the use of sulfadiazine. 

Result: When fibrin foam AA'ith tlnumbin aaus rolled in sulfadiazine poAvder 
and implanted in the liver, the tissue reactions and absorption of the materials 
Avere identical AA'ith those found Avhen no sulfadiazine Avas used. The same Avas 
time AA'hen sulfadiazine Avas used Avith soluble cellulose. 

Procedure 4. — After a small midline abdominal incision had been made, a 
cube of fibrin foam AA'ith thrombin 0.7 cm. in each dimension Avas placed be- 
tAveen the traumatized liver and the diaphragm. In another area, a piece of 
soluble cellulose of the same size Avas placed betAveen the liver capsule and the 
diaphragm. The abdominal incision AA'as closed in layers. This procedure Avas 
carried out in fiA'e monkeys, Avhieh Avere autopsied at 3 (2 animals), 4^^, 8, and 
12 Aveeks. 

Pathologic studies: In the monkeys examined at 3 Aveeks, definite remnants 
of fibrin foam and of soluble cellulose Avere found on the surface of the liver 
but in neither case Avere they adherent to the diaphragm. The residual fibrin 
foam Avas more compact than unimplanted fibrin foam but its meshlike character 
Avas preserved throughout. There aaus a thin but complete fibrous tissue cap- 
sule about the fragment. At the margin betAveen the fibrous tissue and the 
fibrin foam, as Avell as Avithin the fibrous tissue, there Avere considerable num- 
bers of mononuclear cells, some lymphocytes, and a verj' feAV polymorphonuclear 
leucocytes. The most conspicuous feature of the tissue reaction, however, Avas 
the presence of a line of giant cells about the fibrin foam at the periphery of 
the mass. The giant cells formed a layer one giant cell deep about the portion 
of the fibrin foanv in -contact Avith the superior .surface of the liver but were 
almost entirely absent on the surface toAAurd the diaphragm. Only a fcAv giant 
cells were seen Avithin the deeper portions of the fibrous tissue. No adhesions 
Averc found betAveen the fragment and the diaphragm, the fibrin foam having 
become adherent only to the liver. Less residual soluble cellulose AA'as recovered 
than fibrin foam hi these specimens. The tissue reaction to it, hoAvever, had 
many points of similarity. Eesidual soluble cellulose was found adlierent to the 
liver but not to the diaphragm. About the material Avas a layer of fibrous tissue 
-voineAvhat Avider than that surrounding the fibrin foam. The center Avas com- 
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posed of bits of soluble cellulose, usually surrounded by giant cells without 
demonstrable soluble cellulose fragments, numerous large mononuclear cells, a 
few lymphocytes, and very rare polymorphonuclear leucocytes. 

At 4^2 weeks, no fibrin foam could be identified. In tlie place where it had 
been put, the liver capsitle was veiy slightly thicker than elsewhere, the thicken- 
ing being due to an increase in fibrous tissue. The soluble cellulose was also 
entirely absorbed. There was the same fibrous tissue thickening of the capsule 
as with fibrin foam, although it was slightly greater in the case of the soluble 
cellulose. At one point there were a few lymphocytes and a small group of 
giant cells within the fibrous tissue. No adhesions to the diaphragm had formed. 

In the monkeys examined 8 weeks after operation, the only means of 
identifying the region in which fibrin foam had been placed was a slight fibrous 
thickening at one point. One very small adliesion to the diaphragm was noted. 
There "was a similar thickening of the capsule without diaphragmatic adhesion 
in the region where soluble cellulose had been placed. A very small group of 
giant cells and lymphocytes was seen in the fibrous tissue. 

No traces of fibrin foam, soluble cellulose, or reaction to these materials 
could be identified 12 weeks after operation. 

Resiilt: AYhen fibrin foam was placed between the liver and diaphragm, 
a foreign bodj' reaction was elicited which was much less extensive, however, 
than the reaction to a single black silk suture. This subsided quicldy, leamg 
only a veiy slight thickening of the liver capsule with one adhesion to the dia- 
phragm. The behavior of soluble cellulose was very similar, although the main 
mass was absorbed somewhat more i-apidly than was that with fibrin foam. 
However, signs of cellular activity pei-sisted longer with soluble cellulose than 
mth fibrin foam. 

Procedure 5 . — Procedure 4 was repeated with the variation that the fibrin 
foam and soluble cellulose, after soaking in thrombin, were rolled in sulfadiazine 
powder. Procedure 5 was can-ied out in five monkeys which were autopsied at 
the folloAving intenmls after operation: SVe, 8 (two animals ),,8i/^, and 12 weeks. 

Pathologic studies: At 51/2 "weeks the fibrin foam was completely absorbed 
with only traces of fibrous tissue thickening of the liver capsule and no dia- 
phragmatic adhesions. The soluble cellulose was also completely absorbed, its 
site being marked by a gi-oup of giant cells and lymphocytes as well as a small 
adhesion to the diaphragm. 

At 8 weeks and at 8Y> weeks no trace of fibrin foain or soluble cellulose 
could be found and the areas in which they had been placed showed no adhesions. 

In the monkey sacrificed 12 weeks after operation, there was a small ad- 
hesion in the region where fibrin foam had been left, but none in the place 
where soluble cellulose had been inserted. 

' Res^dt: The simultaneous use of sulfadiazine with fibrin foam -with throm- 
bin and soluble cellulose with thrombin did not prevent the absorption of these 
materials or alter the final result significantly. 

Procedure 6 . — A stab wound 1 cm. deep was made in the left lobe of the 
liver (as in Procedure 2) in which was placed a piece of fibrin foam 1 fay 1 by ^ 
cm. soaked in thrombin. The same amount of fibrin foam -^vitli thrombin was 
dipped in a solution of penicillin. This was then similarly implanted in a di±- 
ferent area of the left hepatic lobe. Procedure 6 was carried out in one monkey, 
which was sacrificed 34 days after operation. ^ 

Pathologic studies: The fibrin foam with thrombin without penicillin wa 
largely absorbed although a small area of residual fibrin foam was stiU presen • 
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This was surrounded by the fibrous tissue of the fear closing the line of inci- 
sion. Giant cells were very rare and infiltration witli mononuclear cells and 
lymphocytes was slight. Sections of the area in wliich pcniciUin-soaked fibrin 
foam with thrombin had been placed showed the same histologic appearance. 

Res^dt: In one monkey, the use of penicillin solution at the same time as 
fibrin foam with thrombin resulted in tissue reactions identical with those to 
fibrin foam with thrombin in the absence of penicillin. 

Procedure 7. — A stab -wound 1 cm. deep was made in the left lobe of the 
liver (as in Procedure 2). A piece of fibi’in foam 1 by 1 by 1 cm. was soaked 
in thrombin and inserted in the slab wound. In another portion of the left 
lobe, a piece -of monkey’s rectus muscle 1 by 1 by 1 cm', (not soaked in thrombin) 
was similarly implanted. Procedure 7 was carried out in tliree monkeys, which 
were sacrificed 3, 7, and 14 daj’^s after operation. 

Pathologic stxidies: At 3 days, the piece of fibrin foam measured 4 Ijy 3 mm. 
It was composed of meshes of deep blue-staining material, the interstices con- 
taining blood clot near the liver tissue and appearing empty at the center. A 
few scattered poljTnorphonuelear leucocytes, mononuclear leucocytes, and lym- 
phocytes were present in the adjacent liver tissue but reaction to the fibi'in foam 
was verj^ slight. Giant cells were not encountered. The muscle fragment meas- 
ured 7 by 3 mm. The general histologic features of the muscle were clearly 
visible, although disintegration had begun. About the fragment was some blood 
clot. Within the adjacent liver tissue, polymorphonuclear leucocytes were nu- 
merous and a few mononuclear cells and lymphocytes were also seen. Similar 
. cells in moderate numbers were found scattered through all parts of the muscle 
implant. A small group of giant cells was seen in one area. 

In the monkey sacrificed at 7 days, the remnant of fibrin foam measured 
3 by 3 mm. Polymorphonuclear leucocytes were very rare but mononuclear 
cells and lymphocytes were somewhat more numerous than in the specimen at 
3 Says. There was some proliferation of fibroblasts about the fibrin foam. A 
small number of giant cells had become isolated from the main mass. The muscle 
fragment measured 7 by 3 mm. Disintegration of muscle fibers had progressed 
much fui’ther than at 3 days. There was partial replacement of the fragment 
by fibrous tissue. Polymorphonuclear leucocytes weye few, but scattered lym- 
phocytes and mononuclear cells were found in moderate numbers both -within 
the muscle fragment and at its periphery. Giant cells were present in small 
numbers. 

At 14 days, the remaining fibrin foam measured 3 by 3 mm. The fibers 
had become more compact but the netlike character was clearly sho-vTO. The 
peripheiy of the fragment was surrounded by numerous giant cells, lymphocytes, 
mononuclears, and a few polymorphonuclear leucocytes. There was some pro- 
liferation of connective tissue about the fibrin foam. The muscle fragment meas- 
ured 6 by 4 mm. Further stages of tlie proce.ss outlined at 7 days were found 
in this specimen. Many partially disintegrated muscle fibei-s were seen; fibrous 
tissue surroruided the fragment and was replacing the muscle fibers. Giant cells 
were occasionally encountered. About the fragment, lymphocytes and mono- 
nuclear cells were numerous, while polymorphonuclear leucoej-tes were few; 
only scattered cells of these types were found within the fragment itself. 

• Resxdt: The tissue i-eaction to muscle in the liver was much greater than 
the reaction to fibrin foam with thrombin. Fibrin foam with thrombin tended 
to be removed with relatively mild reaction while muscle tended to be replaced"" 
by fibrous tissue. 
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Procedure 8 . — The liver was exposed as in the other procedures. A piece 
of fibrin film 2 by 2 cm. square was placed on the diaphragmatic surface of the 
liver, being held there by black silk sutures at each comer. At the same time, 
a cube of fibrin foam with thrombin, 0.8 cm. on each side, was placed between 
the film and the liver capsule. This procedure was carried out in two monkeys, 
one being sacrificed 107 days and the other 154 days after operation. 

Pathologic studies: At 107 days, the fibrin foam with thrombin and the 
fibrin film liad been completely absorbed. There were a few scattered lympho- 
cytes and mononuclear cells in the region but giant cells -were not found. The 
fibrin film had been replaced by fibrous tissue, which was much less in amount 
than the original fibrin film. This fibrous tissue was dense at the peripheiy and 
very vascular at the center. The adjacent porfions of the liver capsule were 
slightly thickened, owing to increase in connective tissue. There were a few 
delicate adhesions between the diaphragm and the liver capsule in this region. 

One hundred fifty-four day.s after operation neither fibrin foam with 
thrombin nor fibrin film could be identified. The site of operation could be 
located only by the ])resenec of the black silk sutures. No adhesions or de- 
tectable thickening of the liver capsule was found. 

Result: The simriltaneous use of fibrin foam with thrombin and fibrin film 
did not prevent the absorption of both or alter the final reactions to cither. 


Fibrin Foam With Thrombin in the Peritoneal Cavity 
If fibrin foam vith thrombin is to be used as a hemostatic agent in ab- 
dominal surgery, it is important to determine to what extent the material is a 
peritoneal irritant, whether it is absorbed in the peritoneal cavity, and whether” 
its presence leads to the foi-mation of adhesions. Opportunities for controlled 
study of these questions in the clirric are very few. Accordingly, a series of 
experiments was set up in monkeys to test these possibilities. 

Procedure 9 . — A piece of fibrin foam with thrombin, measuring O.S cm. 

- on each side, was placed on the sur-face of the pelvic peritoneum to the left of 
the uterus and a piece' of soluble cellulose with thrombin of the same size was 
placed to the right of the uterars. This procedirre was carried orrt in five monkeys 
which were sacrificed 5, 8, Si/o- and 32 weeks after operation. 

Pathologic studies: In the monkeys sacrificed at 5, S, SY 2 , and 9 weeks, 
no adhesions were found and no traces of fibrin foam or soluble cellulose could 
be made orrt. Since no sutures had been used to mark the place where the 
materials had been left on the surface of the peritoneum, the sites could not be 


identified with certainty. The entire surface of the pelvic jrcritoneum was 
uniformly smooth and glistening. When the monkej- was examined at 12 weeks 
after operation, no residual fibrin foam or soluble celhrlose w'as found. There 
were no adhesions where soluble cellulose had been left but a few fine adhesions 
were seen in the region of the pelvic peritoneum -where fibrin foam had been 
placed. Histologic sections showed these adhesions to be richly vascular. About 
them on the surface of the pelvic peritoneum was .a reaction to cotton fibers, 
eridently from the surface of the sponge placed in the pelvis during operation. 
There was no evidence that the adhesions were due to the fibrin foam. - 

Result: At 5 -weeks and later, both fibrin foam with thrombin and soluble 
cellulose with thrombin had been absorbed from the pelvic peritoneum -vnthou 


lemonstrable residual reaction. _ _ 

Procedure Id.— Procedure 9 was repealed with the variation of sultadiaz ^ 
hein" emploved in conjunction with both the hemostatic materials. 
fibrin foam and of soluble cellulose were soaked in thrombin, taken from 
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solution, rolled in sulfadiazine powder, then placed on the pelvic peritoneum 
as in Procedure 9. Procedure 10 was carried out in five monkeys which were 
autopsied 5, 8 , 8 I/ 2 , 9. and 12 weeks after operation. 

Pathologic studies: At 5 weeks, fine adhesions were found about the sites 
where both fibrin foam and soluble cellulose were left. Histologic studies showed 
that these adhesions were fonned about libel’s of cotton, as in one monliey in 
Procedure 9. No remnants of fibrin foam or of soluble cellulose were seen. In 
the monkeys autopsied at 8 , 81/^, 9, and 12 weeks after operation, no residual 
fibrin foam or soluble cellulose was encountered. There were no adhesions and 
the pelvic peritoneum was smooth and glistening throughout. 

Restdt: The use of sulfadiazine with fibrin foam and with soluble cellulose 
did not prevent the absorption of either hemostatic agent and did not lead to 
the formation of adhesions. 

Fibrin Foam With Thrombin in the Abdominal Wall 
Ordinarily, fibrin foam Avith thrombiil ivould not be needed in the abdominal 
wall, Avhere the bleeding is satisfactorily and expeditiously controlled Avith liga- 
ture. HoAvever, in patients Avith jaundice, hemophilia, and a foAV other condi- 
tions, there is troublesome oozing from lai'ge surfaces on AA’hich conventional 
methods of hemostasis are ineffective. On such surfaces a coating of fibrin 
foam Avith thrombin might be useful. Since the tissue reactions to fibrin foam 
Avith thrombin are minimal in regions such as the brain, liver, and peritoneum, 

■ it Avould not be expected that they AA'Ould be significant in the abdominal Avail. - 
HoAvever, a feAV studies Avere carried out in guinea pigs to test this point. 

Procedure 11. — Guinea pigs Aveighing about 350 grams Avere anesthetized 
Avith ether. Taa'o incisions 0.7 cm. long Avere made in the abdominal skin, one 
on each side of the midline. Dissection Avas cai’ried out laterally along the 
supei’ficial fascia for 2 to 3 cm. Cubes of fibrin foam Avith thrombin 0.5 cm. 
on each side Avere placed as far laterally as possible. The mcisions were closed 
Avith a single black silk suture. This procedure Avas carried out in 3 guinea pigs, 
Avhich Avere sacrificed at 3, 7, and 14 days after operation. ’ 

Pathologic studies; In the specimen obtained 3 days after operation, the 
fragment of _fibrin foam measured 0.5 by 0.2. Its meshes Averc smaller than 
those of uniniplanted fibrin foam. The centers of the fibers retained the methyl- 
ene blue, Avhile the edges Avere stained Avith phloxine. Polj'morplionuclear leu- 
cocytes Avere scattered in small numbers through the meshes of the fibrin foam 
and AA’ere somewhat more numerous at the periphery. No giant cells Avere seen 
and very little cellular infiltration Avas found outside the fragment of fibrin 
foam, other than that accounted for by the trauma 6f inserting the material. At 
^ 7 daj's the residual fragment measured 0.3 by 0.2 cm. The fibers Avere being 
broken up and more of them took the phloxine stain. Considerable infiltration 
Avith lymphocytes and mononuclear cells as Avell as a fcAv polymorphonuclear 
leucocytes Avas present together Avith some connectiAm tissue proliferation about 
the fragment. There Avere no giant cells. In the guinea pig sacrificed at 14 
days, no fibrin foam Avas seen grossly, although a few isolated bits of fibers 
could be made out on microscopic study. The infiltration AA’ith lATnphoeyte.s and 
monoiAuclear cells Avas less than at 7 days and the area aboxit the original site con- 
tained connective tissue Avhich Avas more compact than in the preceding speci- 
men. 

Pesidt: In three experiments, the absorption and tissue reaction to fibrin 
foam Avilh thrombin Averc similar to those described in the liA-er, central ner\-ous 
system, and clscAA'liere. 
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A large series of experiments was earned out in the abdominal wall by this 
tcelinique to test differences in tissue reaction when the conditions varded under 
wliicli the fibrin foam -was manufactured. These all led to essentially similar 
results. Only those experiments carried out with the type of fibrin foam with 
thrombin now used in the clinie have been reported in this paper. However, the 
other experiments lend support to the conclusion that fibrin foam with thrombin 
is quickly absorbed from the abdominal Avail with no definite increase in sear 
tissue over that of a simple incision in this area. 


Fibrin Foam With Thrombin in the Kidney 
In partial resection of the Iddney and in nephrotomy, an actively oozing 
surface is exposed. Ilemostasis by means of sutures and other conventional 
techniques is difficult and often unsatisfactory. Experiments Avere carried out 
to determine the effectiveness of fibrin foam Avith thrombin and to ascertain the 
tissue reactions in this situation. 


Procedure 12. — A lumbar incision Avas made and the kidney exposed. The 
capsule Avas stripped from one pole of the kidney. 'The pole Avas then resected, 
leaA^ing a freely bleeding surface. Fibrin foam Avitli thrombin Avas placed 
over the surface, resulting in complete hemostasis. The capsule rvas sutured 
over the fibrin foani Avith thrombin and the Avovmd closed in layers. Procedure 
12 AA’as carried out in tAvo monkeys. One died on the tAvent.y -first postoperatiA'e 
day. The other Avas sacrificed 65 days after operation. 

Pathologic studies: The monkey autopsied 21 days after operation had an 
extensive perirenal abscess Avhich Avas judged to be the cause of death. Fibrin 
foam Avas still present in moderate amount Avith tissue reaction identical Avith 
that described in the liA'er. At 65 days after operation, the fibrin foam had been 
completely absorbed. The fibrous ti.ssue of the scar Avas not larger in amount 
or different in character from that expected in the healing of a similar wound 
AA'ithout fibrin foam. 

Result: Fibrin foam Avith tlirombin AA'as effectiA’e in controlling the bleed- 
ing in resection of the pole of the kidney and Avas absorbed Avith negligible tissue 
reaction. 


Procedure 13. — A lumbar incision Avas made and the kidney delivered into 
the Avound. The renal vessels Averc compressed Avith tiie operator ’s fingers AA'hile 
a sagittal incision Avas made in the kidney deep enough to open the renal pelvis. 
The bleeding surfaces AA^erc coA^ered Avith fibrin foam Avith thrombin and the 
capsule of the kidney closed Avith black sillt sutures (Fig. 7) . No ligatures Averc 
used on the incised surfaces of the renal parenchyma, cA'en on the actively 
bleeding arteries, since fibrin foam Avith thrombin brought about complete 
hemostasis. The capsule Avas sutured, hoAvever. This procedure Avas carried 
out in four monkeys, Avhieh Avere sacrificed 3, 7, 10, and 14 days after operation 


and in one cat, AAdiich Avas sacrificed at 322 days. 

Pathologic studies: In the monkey sacrificed at 3 days, there AA^ere about 
3 c.c. of dark red fluid about the kidney, Avhich Avas loosely adherent to the 
perirenal tissue along the suture line. Histologic study showed that the inter- 
stices of the fibrin foam Avere filled A\dth blood clot. At the periphery o e 
fibrin foam, there was moderate infiltration of polymorphonuclear leucocyte 
Avith a few lymphocytes and mononuclear cells (Fig. 8). 

In the specimens at 7, 10, and 14 days there was no fluid at the 
site The suture line Avas progressively more adherent to the .perirena 
Fibrin foam persisted in all three specimens, but decreased m amount as 
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time since operation lengtliened'. The tissue scqiienecs in response to tlie fibrin 
foam were the same as those described in the liver. Occasional giant cells were 
found in the specimen at 7 days; they were numerous at 10 days and were less 
at 14 days, at wdiich time a large part of the fibrin foam had been absorbed. 
In the eat sacrificed 322 days after operation, the kidney -w^as not abnormally 
adherent- to the perirenal tissues. The kidney which had been incised was 
slightly smaller than the opposite kidney. The sear of pyelonephrotomj^ was 
identified as a thin white line, not differing grossly or microscopically from the 
scar of a similar incision in whicli fibrin foam with thrombin had not Ijeen used. 

A. 



B. 


Procedure 13. A, Fiee bleeding- from the surface of the kidney incised in the 
Complete hemostasis after application of Bbrin foam -with thrombin The 
apsule has been sutured but hemostasis \ias complete before doing so. 


Result: Fibrin foam with thrombin was effective as a hemostatic agent in 
experimental renal resection and pyelonephrotomy and vas absorbed witli slight 
tissue reaction. 

Fibrin Foam With Thrombin in the Lung 
There are occasions in thoracic surgery, notably in dealing with the lung 
parenchyma, when capillary and venous bleeding is difficult to control by 
the conventional methods of hemostasis. Experiments were set up to test the 
efficacy of fibrin foam with thrombin as a hemostatic agent in the lung and 
the tissue reactions induced by it in that location. 
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Procedure U.—Tlvi operations were carried out under nembutal anesthesia; 
(he animals ivere intubated so that ox.vg:en and carbon dioxide, under positive 
pressure could be used when necessary. Tlie right- thoracic cavity ^vas opened 
in Ihe seventh intei-space. After drawing the right lower lobe of the lung inio 
the woxind, an incision was made 1.5 cm. long, care lieing taken to avoid tlic 
larger ])ronchi. ' A piece of fibrin foam with thrombin 1.5 by 0.7 by 0.5 cm. was 
placed in the wmund, which was closed with one or two black silk sutures. 
Effective' hemostasis -was secured in all animals (Pig. 9). The thoracic cavity 
was closed in layers, all air being aspirated and the lung reinflated with positive 
pressure. This procedure was carried out in five monkeys. One of these died 
5 minutes after operation and the others were .sacrificed at 7, 10, 14, a 2 id 24 
days. It Avas also performed on a- eat, sacrificed at 356 days after operation. 



Fis. R. — Procedure 13. The appearance of fibrin foam 3 day.s after its application as *}; 

RUUic ftsent in oxpei’iwentii} pyelonepUrotomy. (Phloxine methyJene blue stain, X"“-' 

Pathologic siiidies: In the specimen 5 minutes after operation, the fibrin 
fo.im Avas unchanged in general structure from the unimplanted material. Some 
of its- interstices Avei'e filled Avith fresh blood clot ; there Avas no demonstrable 
reaction in the surrounding tissue. At 7 days, the fibrin foam Avas more com- 
]iact than Avhen implanted. A mild infiltration Avith polymorphonuclear leu- 
■ cocytes, and a feAV mononuclear cells and lymphocytes, Avere seen about it; 

occasional' giant cells Avere present. Ten days after operation (Pig. 10) 

, number of giant cells had increased, Avhile at 14 days they Avere less numerous 
than at 10 days. Fibrous tissue reaction Avas slight. In the cat sacrificec a 
356 days, the well-healed scar was not adherent to the parietal pleura. It con- 
tained no fibrin foam and showed no characteristics Avhich could be correia 
' Avith the use of this material at the time of operation. 
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Rc'inli: Bleeding from experimental inei'^ions in the Inng parenchyma was 
controlled by the application of fibrin foam with thrombin. The tissue reactions 
to the hemostatic material were mild. 

COMMi;XT 

These studies have shown that fibrin foam with thrombin is an effective 
hemostatic agent in the liver, peritoneal cavity, abdominal Avail, kidney, and 
lung of experimental animals. Only a .slight tissue reaction is elicited and, in 
the end result, the amount of fibrous tissue due to the pi’esenee of the fibrin foam 


. 1 . 



B. 

r igr. 9 — Procedure 14. A, Experimental incision in the lung- B, Hemostasis secured bj pack- 
ing the incl«5ion in the lung with fibrin foam with thrombin 

with thrombin is so small that it cannot be regarded as clinicallj- significant 
CA’en A\ hen a large mass of fibrin foam with thrombin is used. The fibrin foam 
A\nth thrombin is completely absorbed in about 5 Aveeks and sometimes at a 
shorter interval after implantation. The tissue reaction is not altered by the 



STiRnrny 


f;G2 

use of sulfadiazine or penicillin at tlie same time. The use of fibrin film and 
fibrin foam with thrombin does not alter the tissue reaction and final results to 
either. 

Fibrin foam with thrombin elicited very much less tissue reaction than 

muscle fragments of the same size. The tissue reaction to soluble cellulose with ’ 

thrombin and fibrin foam -with thrombin are about the same qualitatively and 

quantitatively. The choice between tl)cse tvo substances must be made on the 

* 

basis of operative convenience ratlier than upon the extent of tissue reaction. 
The present studies of this tissue reaction to soluble cellulose are in complete 
agreement witli Frantz.® The material used by us was the earlier tj*pe of 
Frantz, designed to be soaked in thrombin, no experiments with her newer 
tAqre'' are included in this report. It is difficult to evaluate the significance of 



Fik 10 — I’roceclurc 14 The api Cdrance of fibiin foaW 10 dajs after its application as 
a henio'^tatic agent in an incision in the lung: parenclnma. (Ph?o\ine niethj lene blue stain, 
X96 ) 

a few adhesions described both to fibiui foam with thrombin and to soluble 
eellnlose. The meie procedure of exposing the liver often results in the foima- 
tion of an equivalent amount of adliesions and sometimes more than is seen m 
this series of animals In some instances, the adhesions could be shown to he 
due to cotton fibers, presumablj from the gauze used at operation; in otheis, 
they could not. Such findings, however, emphasize the safety of fibrin foam 
with thrombin for they indicate that a large mass of fibrin foam wnth thrombin 
leaves less reaction than a group of cotton fibers so small and so few as to be 
overlooked by the surgeon. 

On the basis of this experimental work, fibrin foam with thrombin was 
recommended for clinical trial in general siirgeiy. 
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CLINICAL STUDIlis 

Fibrin foam with thrombin was used first in general surgery at The Chil- 
dren’s Hospital and the Peter Bent Brigham Hospital, Boston, Mass. It was 
then released to several surgical clinics thrpughout the country. Reports of 
the use of fibrin foam Avith thrombin in various operations of general surgery 
and the surgical specialties other than neurosurgery and dental surgery now 
number 240. This discussion is based on the reports from tliese clinics as well 
as on our own experience. 

To date, fibrin foam witli thrombin has been used oftcner in the liver and 
biliaiy passages than elsewhere in general surgery because of the frequency 
Avith Avhieh oozing surfaces, difficult to conti'ol by conventional methods of 
hemostasis, are encountered in these locations. Bleeding from the bed of tbc 
sail bladder during cholecystectomy is at times troublesome. Fibrin foam Awth 
thrombin quickly and effectively controls the capillary bleeding, thus decreasing 
blood loss, reducing the length of the operation, and sometimes alloAving closure 
AAuthout drainage, . since the field can be left entirely dry. In cholecystitis, - 
especially in the acute phase, it may be necessaiy to remove the gall bladder 
from the fundus toAvard the cystic duet. This method of cholecystectomj^ has ' 
been regarded as safer than other techniques because there is less chance of 
injuring the common bile duet but it renders hemostasis more difficult. The 
use of fibrin foam Avith thrombin, therefore, obviates the principal objection to 
this type of operation. During exposui’c and exploration of the common bile 
duet, there is occasionally troublesome bleeding from capillaries ^and small venous 
channels Avhich is difficult to control Avith sutures and Avhich prolongs *tho 
operation considerably. Such bleeding is easily and expeditiously stopped by 
the application of fibrin foam Avith thrombin. 

Bleeding from the cut surface of the liver is so troublesome that many 
surgeons hesitate to remove even a small portion of the' liver parenchyma; 
resection of larger areas are attended by seinous hemorrhage. Experience has 
shoAvn that biopsy of the liver is a simple procedure Avhen the area of incision 
is packed Avith fibrin foam Avith thrombin. If necessary, liemostatic material 
may be held in place by a suture. Occasions demanding resection of large por- 
tions of the liver are exceptional. In a patient at the Peter Bent Brigham 
Hospital, fibrin foam Avith throm.bin greatly facilitated an operation of this type., 

CASE REPORT 

A 45-year-old woman came to the hospital because of pain after meals, w'eakness, and 
tarry stools for months. A mass about 12 era. in diameter was palpated in the left upper 
quadrant of the abdomen. Eoentgenogranis of the gastrointestinal tract showed a filling 
defect in the midportion of the stomach ; the stools rvere positive for blood by the guaiac test. 
Abdominal exploration revealed a large gastric neoplasm which was attached to the left 
lobe of the liver. Since the lesion extended high in the stomach, the abdomen Avas closed 
and radical resection by a transthoracic approach was undertaken 3 weeks later, at Avhich 
time subtotal gastrectomy and partial hepatectomy rvere carried out. A portion of the left 
lobe of the liver, measuring 9.5 by 7.4 by 4.8. cm. was removed after through-and-tlirough 
catgut sutures had been placed and tied. The large vessels were clamped and ligated with 
figure-of-eight sutures. After this had been completed, the entiie cut surface still bled freely 
from the small vessels. AVhen this surface was covered with fibrin foam rrith thrombin, all 
bleeding was controlled. There was no evidence of hemorrhage from the cut surface of the 
liver during the postoperative course. The patient was last seen 14 months after operation; 
at that time, she was in good health and there was no evidence of recurrence. In retrospect, 
it would seem that Silver clips would have been more satisfactory for the actively bleeding 
arteries than figure-of-eight sutures. 

Oozing surface.s are occasionally encounlered in biopsy or re.section of 
large tumors in various sites; control of these may be time consuming or dif- 





CiU-i 


SURGERY 


ficult to accomplish at all. Ten reports dealing with the use of fibrin foam with 
tlirombin in these locations have made it clear that the material is very effective 
under such circiunstanees. During radical resection of two mixed tumoi-s of the 
parotid gland, fibrin foam with thrombin was found helpful in securing hemo- 
stasis. The material is partieularbv valuable in dealing ■with these tumors because 
of the importance of saving all branches of the facial nerve. Since there is 
often bleeding in the region of this structure, it may be injured in the appli- 
cation of instruments to maintain hemostasis and much time is consumed because 
of the caution necessary in the placing of each hemostat and suture. The 
bleeding can be safely and quickly brought under control vrith fibrin foam with 
thrombin. There are also two reports of hcTnorrhage after the removal of por- 
tions of rapidly grovring retroperitoneal lumoi’s for microscopic study; in both 
iiLstances the use of fibrin foam with thrombin produced satiisfactoiy hemostasis 
after sutures had proved inadequate for the purpose. In three instances, the 
i-emoval of large pelvic tumors left areas of peritoneum on the pelvic wall or 
on the bowel surface where oozing was difficult to control. Thin sheets of fibrin 
foam with thrombin stopped the bleeding promptly in each patient. The other 
three reports on the use of fibrin foam vrith thrombin in dealing with tumors 
ai’e concerned with its use in resections of carcinomas of the head of the pan- 
creas. The proximity of many important structures in this region makes the 
use of sutures difficult and hazardous. Control of capillaiy bleeding is more 
effective and less dangerous when fibrin foam with thrombin is used than when 
suhu’es are employed. Actively bleeding arteries must be ligated, as well as the 
larger veins. 

Three additional reports of the use of fibrin foam wth thrombin in biops.v 
of the pancreatic parenclijuna indicate that the procedure is greatly simplified 
when this material is employed for hemosta.sis. 

Biopsy of the spleen is attended by so much bleeding that it is seldom at- 
tempted when sutures are depended upon for control of bleeding. This may 
be carried out readily when fibrin foam with Ihrombiu is used for hemostasis, 
as illustrated in the following report from the Peter Bent Brigham Hospital. 

C.\SE REPORT 

A oS-year-old \\onian entered the hospital because of intermittent fever, weight loss, 
malaise, and enlargement of the abdomen. On physical e.vamination, the patient was found 
to have a greatly enlarged spleen. Biopsy of an enlaiged cervical lymph node shoned the 
presence of tuberculosis. A diagnosis of primary splenic tuberculosis r\as entertained and 
biopsy of the spleen was performed under local anesthesia. At opei-ation, the spleen was 
found to be smooth, glistening, and bluish red in color. It was soft but tense; no tubercles 
nere seen or palpated. Tissue was removed from the spleen for histologic study by makrng 
an elliptical incision 1.5 cm. in length and 1 cm. in depth. The splenic tissue was verj’ 
friable and the site of the biopsy bled profusely. Fibrin foam noth thrombin was packed 
irrto the incision and CNce.ss fluid removed ■with suction through a gauze sponge. All bleeding 
cea.sed -within one minute. The material removed for histologic study shoved no evidence 
of tuberculosis. There was no evidence of postoperathe bleeding. The patient gradual!.' 
became weaker and died four weeks after operation. At autopsy the scar of the incision 
in the spleen vas veil healed and very- small. On histologic examination there was only a 
small amount of fibrin foam remaining and tissue reaction was minimal. The patient prove< 
to have an unclassified di.sea.se of the heniatopoetic system. 

Fibfiii i’oaiii with tliToinbiii lias been used to reduce the blood loss i'lOin 
oozing in the course of eerttiin gynecologic operations, especially eolporrhaphy 
■ind hysterectomy. The material was found effective in obtaining prompt hemo- 
stasis btrt the technique of application now used could probably be improve 
for use in tlicse locations. Fibrin foam with thrombin may occasionally be us 
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fill in the control of 'bleeclin«; along' the ureters and in a few other sites where 
the application of hemostats holds special dangers. However, it ivould seem 
that' niost of the bleeding in these operations can he controlled by sutures and 
by meticulous surgical technique, without the use of fibrin foam with thrombin. 
Among the instances in which fibrin foam with thrombin ivas used in gyneco- 
logic surgery, the following one from the Parkway Hospital, Brookline, is of 
particular interest., 

CASK REPORT 

A 4S-year-olcl woniim was admitted to the hospital for !i vaginal plastic i)iocGdure. On 
'the day before operation, she was given 200 mg. of dicumarol, as a prophylactic againstr 
venous thrombosis and embolism. The vaginal repair was carried out successfully. On the 
fourth postoperative day, 0.8 c.c. of furraethido was given in order to help empty the bladder. 
Since the prothrombin tune, by Quick’s method, was 40 seconds (control, 21 seconds) the 
patient also received 200 mg. of dicumarol. There was an unusually severe reaction with 
defecation, sweating, and faintness; a diffuse skin rash developed. On the -eighth post- 
operative day, bright vaginal staining was noted; the prothrombin time was 238 seconds 
(control, 38 seconds). Examination .showed oozing along the suture line in the anterior 
vaginal wall. Fibrin foam with thrombin was applied with immediate hemostasis; 04 mg. 
of vitamin K were also given intravenously. Eight hours later, the bleeding recurred, and 
the vagina was packed with gauze. On the following daj-, the incision was resutured be- 
cause of continued bleeding. At this time, the prothrombin time was ISO seconds (control, 
25 seconds) ; 64 mg. of vitamin K were again administered. T)ie next day, an attempt was 
made to control the bleeding by instilling a solution of thrombin in the vagina, which resulted 
in temporary cessation of the oozing. This procedure was repeated later the same day and 
was followed by immediate hemostasis lasting 16 hours. The following day the prothrombin 
time was 115 seconds (control, 29 seconds). With the recurrence of vaginal bleeding another 
instillation of thrombin solution ivas given; this produced permanent hemostasis. The pro- 
longation of the prothrombin time was out of proportion to the amount of dicumarol admin- 
istered. Wliile the hemostatic action was at first temporary, it finally controlled the hemorrhage 
and made transfusions unnecessary. 

The course of events shows that local hemostasis can be secured bj’^ the 
application of human thrombin in a patient with elevated prothrombin time. It 
also illustrates the fact that thrombin is the active hemostatic agent while fibrin 
foam is a matrix to hold it. "When very large amounts of thrombin are required 
and the absorption of the material holding the thrombin unimportant, thrombin- 
soaked gauze may be preferable to fibrin foam with thrombin. 

Considerable use of fibrin foam with thrombin has been made in genito- 
urmary surgery. In enucleation of the prostate by the suprapubic transvesical 
route, the control of hemorrhage from the prostate bed has been a difficult and 
important problem. If it is possible to control the bleeding completely at the 
time of operation, there would be no need for hemostatic bags and similar ap- 
pliances. The convalescence would therefore be shorter and complications less 
likely. A hemostatic material for use in this location either should be soluble 
m urine or should disintegrate so that no fragments would remain to serve as 
a nidus for the formation of calculi. The substance should also adhere to the 
wall of the prostatie bed after application. 

Obseiwations on the use of fibrin foam vith thrombin in prostatectomy 
have been carried out at the Peter Bent Brigham Hospital. The studies indicate 
that fibrin foam with thrombm is satisfactory under these conditions and that 
it may be further improved by vai-iations in methods of its preparation. A 
detailed report is being prepared by Dr. 'W. C. Quinby. The use of fibrin foam 
•with thrombin as a hemostatic agent in prostatectomy is illustrated by the fol- 
loving case report. 
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CASE REPORT 

A 5S-yeai--old man came to the hospital because of urination every ]ialf hour to hour, 
nocturia three times each niglit, tlysuria, decreased caliber of tlie urinary stream, and inability 
to empty the bladder completely. These difficulties had been present for more than one year. 
On examination, both lateral lobes of the prostate were found enlarged and there was a large 
intravesical median lobe. The prostatic %rcthra measured 3 cm. in length. There were 100 
e.e. of residual urine, which was free from infection. Under spinal anesthesia, suprapubic 
prostatectomy was carried out without preliminary drainsigc of the bladder. TIio prostate 
was easily enucleated; the bleeding wa.s controlled by placing small strips of fibrin foam 
with thrombin along the prostatie urethra. Hemostasis was very satisfactory. The bladder 
_ was then closed around a suprapubic catheter and the abdominal wound reunited. No 
hemostatic bag was used. On the first postoperative day, the urine from the catheter was 
almost free of blood. The catheter was removed on the third day following operation; the 
patient immediately voided a normal stream of urine. Sutures were removed from the 
abdominal wound on the eighth postoperative day. Mfiien the patient was discharged on 
the twelfth day, the wound was well healed and the urinary stream entirely normal. 


Eatlier frequently, in tlioraeie surgery, oozing surfoees are encountered, 
the bleeding from which is difficult to control by conwentional techniques. One 
instance is in dealing with extensive adhesions between the visceral and parietal 
pleurae. As the lung is dissected free from the cliest wall, troublesome oozing 
results. When packing is used to secure a dry field, the operation is consid- 
erably prolonged. These areas of bleeding were easily and quickly controlle'd 
when they were covered with thin sheets of fibrin foam with thrombin. The 
use of this hemostatic agent shortened the operation and resulted in a dry field 
at the time of closure. 

One of the most important uses of fibrin foam ^Yith thrombin in thoracic 
surgery is for the control of capillary and venous bleeding in operations for 
removal of mediastinal tumore. It is sometimes hazardous to use sutures in the 
mediastinum because of the proximity of important anatomic structures. Siich 
bleeding is readily controlled by means of fibrin foam with thrombin. More 
important is the use of this hemostatic agent in the beds of the mediastinal 
tumors. Here venous and capillary bleeding may create a serious situation 
analogous to the problems confronting the neurosurgeon in dealing with the 
beds of inti-aeranial tumors. Fibrin foam with thrombin not only controls the 
bleeding quickly and completely but also at times permits the removal of large 
tumoi’s in toto which could not otheiwvise be attacked successfully. This is 
illustrated by the following case report. 


CASE REPORT 

A 28-yeav-old man liad a routine roentgenogram of the chest in the course of a geiieial 
physical examination. There were no symptoms of any kind. Tlie roentgenogram showed 
a large mass in the chest attached to the posterior mediastinum. Exploration was carried 
out. On separating the plenra a tumor, measuring approximately 17 cm. long and 12 cm. 
wide, was exposed. The ovoid tumor filled most of the posterior portion of the right thorax 
and extended from the hilus to the chest wall. It was attached to the surrounding tissues 
all along its surface. The size of the neoplasm made exposure difiScult. Resection, however, 
was decided upon and cai-ried out as carefully as possible, the entire tumor being removed 
in so far as could be determined maeroscopicaUy. The bed of tlie tumor- was a mass o 
bleeding venous sinusoids. Attempts were made to control the bleeding by pressure and 
saline-soaked sponges. Only partial and temporan^ hemostasis was accomplished, for the 
bleedincr recurred when the sponges were removed. This procedure occupied one hour. 1 e 
blood pressure began to fall in spite of transfusions. Eibrin foam with thrombin was the 
nlaced over' the entire bleeding surface, three bottles being used. Hemostasis fomp 
and complete. The pleura was closed over the fibrin foam. The patient died on the a j 
after opLtion. At autopsy there was no significant hemorrhage. Histologic study sho 
that the tumor was a rapidly growing fibrosarcoma. 
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In orthopedic and trilumatic surgery, there are a few special situations in 
Avhieh it is important to have an absolutely dry field at the completion of the 
operation. A thin sheet of fibrin foam with thrombin readily controls the 
bleeding from the bone in amputations, with the result that no hematomas form 
in the wounds and the stumps are in excellent condition. When skin grafts are 
required in amputations, especially in revising amputation stumps, fibrin foam 
vith thrombin controls the bleeding from the bone and soft tissues, leaving 
an absolutely dry field. For the same reason, this liemostatic agent has proved 
of value in arthroplasties. As in other types of surgery, fibrin foam with 
thrombin should be regarded as a supplement to conventional methods of hemo- 
stasis, and not as one to supplant meticulous care with tissues. 

Persistent bleeding from injuries or operations in patients with hemophilia 
has long been a troublesome problem to surgeons. A large variety of local hemo- 
static agents have been used with little or no success and transfusions have been 
necessary for the most trifling wounds. While experience with fibrin foam with 
thrombin as a local hemostatic agent in hemophilia has thus far been limited to 
six instances, its value has been so clearly demonstrated in each that it seems 
to be the agent of choice in dealing with these lesions. In three patients, per- 
sistent bleeding from chronic ulcers of the leg was completely and permanently 
> controlled by a single application of fibrin foam with thrombin. In another 
patient Avith hemophilia, this material stopped the bleeding from a laceration 
of the tongue, a large clamp being used to hold it in place. There were two 
instances in which lacerations of the exti’emities had bled persistently for more 
than 72 hours in spite of transfusions. In both patients, the application of 
fibrin foam with thrombin produced permanent hemostasis within a few minutes. 
Pibiin foam with thrombin has also been shoAvn to control bleeding after ex- 
traction of teeth in patients with hemophilia. This experience as weU as other 
studies on the use of fibrin foam Avith thrombin in dental surgery Avill be reported 
by Dr. P. K. Losch. It should be pointed out that hemostasis by fibrin foam 
Avith thrombin in patients Avith hemophilia is purely local and does not in any 
Avay affect the abnormality of the blood primarily at fault. 

The present package in which fibrin foam Avith thrombin is noAV supplied 
for clinical use contains three bottles. One contains pieces of fibrin foam; the 
second, thrombin in the dry state; the third, physiologic saline solution. At 
the time of operation, about 10 c.c. of the saline solution are ^withdrawn by 
syringe and placed in the bottle of thrombin. The thrombin dissolves rapidly. 
The thrombin solution and the rest of the saline solution are mixed in a sterile 
basin on the operating table. Pieces of dry fibrin foam are cut to tlie size and 
shape required. Thej’' are then placed in the thrombin solution which quicldy 
permeates the fibrin foam because of the porosity of the material. Saturation 
of the fibrin foam is rapid, being complete in less than two minutes. The per- 
meation of the material is accompanied by a moderate amount of shrinkage, for 
Avhich alloAvance must be made in cutting tlie fibrin foam. The fibrin foam is 
left in the thrombin solution ready for application as required in the course of 
the operation. Should more fibrin foam be required than Avas anticipated, an 
additional supply could be prepared within three minutes. It is important 
that the saline solution used to dissoh^e the thrombin be at room temperature 
or beloAv and that it be kept aAA’ay from heated radiators because the thrombic 
activity is rapidly destroyed at higher than room temperatures. Tlie tlirombin 
solution should be freshly prepared each day. 

The techniques used in applying fibrin foam Avith thrombin to a bleeding 
surface must necessarily vary Avith the location on AA-hich it is used. In some 



places it is desirable to employ thin sheets to cover a wide surface with a minimal 
amount of the material, while in tumor beds and other oozing cavities it may be 
advantageous to use much larger pieces. In general, the thrombin-soaked por- 
tions of fibrin foam are pressed into place on the bleeding surfaces by means 
of gentle pressure thi-ougb cotton or gauze. The excess fluid is removed by 
suction. The cotton or gauze is then lifted away from the underlying fibrin 
foam which must be left in place since the clot which is formed is .partially 
within the substance of the fibrin foam. The fibrin foam can be moulded to 
the shape of the tissue surface and will retain the configuration in which it has 
been pressed. Bleeding mil recur if the fibrin foam is removed. However, if 
large masses of fibrin foam are used to' fill a cavity, such as a tumor bed, it is 
possible to c^^t away the central portion 'ivithout disturbing the freshly formed 
clot since this lies largely at the region of contact between the fibrin foam and 
the tissue. The reason for removing the central portion of large masses of 
fibrin foam is that it favors the rapid disappearance of the material. The final 
tissue reaction to a veiy large mass of fibrin foam is so slight as to be inconse- 
quential clinically. It is clear, however, that the rate of disappearance of the 
material is more or less proportional to the volume left in place. Small frag- 
ments will disappear in 7 to 10 days, while it may take 4 to 6 weeks for larger 
masses to be completely absorbed. 

Since fibrin foam mth thrombin is a relatively new hemostatic agent it is 
apparent that its usefulness maj' often be increased by modifications of the 
technique herein presented which has been developed largely for tlio use of the 
material in neurosurgery. It is possible to prepare in the chemical laboratorr' 
a variety of fibrin foams differing in texture, porosity, and persistence time in 
the tissues. It may well be that in certain locations some of these may eventually 
prove more usefirl than the form now .supplied. 

The vnde variety of operations in which fibrin foam with thrombin has 
been used indicates the general usefulness of tlie material. A contraindica- 
tion to the use of this material is in the nose and throat of unconscious patients, 
or of those with diminished or absent gag reflex. The inhalation of bits of 
fibrin foam, especially when coated noth bacteria containing mucus, would be 
likely to carry irtfection to the bronchi and pulmonary tissues. 

SUMJIARY 

Experimental studies have showm that fibrin foam with thrombin is an 
effective absorbable hemostatic agent in the liver, peritoneal cavity, abdominal 
‘wall, kidney, and lung. In each of these locations the absorption of the material 
is accompanied bj^ only slight ti.ssue reaction. 

, Clinical appraisal of fibrin foam 'with thrombin as an absorbable hemo- 
iStatic agent in general surgery has been carried out in 240 patients. It has 
proved effective in controlling oozing surfaces and venous bleeding under a 
wide variety of circumstances, including wounds in patients -odth hemophilia. 

The use of fibrin foam with thrombin should not replace the careful control 
of bleeding by means of meticulous dissection and adequate placing of sutures. 

It should be reserved for those particular situations in which an absorbable 
hemostatic agent is desirable to prevent the injuring of vital anatomic stractures 
or to control oozing which is not easily stopped by conventional methods, as m 
the beds of tumors and the cut surface of parenchymatous organs. 
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THE OCCURRENCE OF BACILLUS HISTOLYTICUS IN ACCIDENTAL 
WOUNDS WITHOUT RECOGNIZED SPECIFIC INFECTION 

Ivan C. Hall, Ph.D., New York, N. Y. 

(From the Central Laboratory of the Contaminated Wound Project, College of Physicians and 

Surgeons, Columbia University) 

'■J ’’HE title of this paper was suggested by the observations of MacLeiinan,^ 
A that in addition to one fatal case of a war wound in the Middle East in 
which Clostridium histolyticum was found as the sole infecting agent, it also 
occurred along with other pathogenic clostridia in nine cases of gas gan- 
grene, all of which were fatal.” 

This contrasts sharply with our own recent experience in the stud,y of 
civilian wounds^’ ® in which we found Bacillus hisfolyticus in 18 cases out of ap- 
proximately 2,500 wounds. Only 1 of these 18 cases (Case 1) resulted in death, 
which was attributed at the time not to B. histolyticus but to Bacillus perfrin- 
fiens. I have been privileged to see only one of these cases clinically but ivitii 
the aid of my assistants have rechecked all of the cultures of this organism 
submitted either for identification or confirmation. Permission to present 
these brief abstracts of the ease histories has been granted by the surgeons in 
charge. 

done under a contiact recommended by the Committee on Medical Research, be- 
tween the Office of Scientific Research and Development and Columbia University. 

.. Tile writer gratefully acknowledges the technical aid of Miss Miriam Miller and Mrs. 
tvathrjm Griffin, and the clinfeal obsei^’atlons of Dr. Oliver Cope, Massachusetts Genei^ Hos- 
pital, Boston, Mass., Dr. Itlaxwell F. Kepi, Charity Hospital, New Orleans, La., Dr. Lloyd 
Oatron, Akron City Hospital, Akron. Ohio, and Dr. V. R. Boynton, Denver General Hospital, 
Denver, Colo., Dr. Prank t*. Mclcney of the Subcommittee on Surgical Infections was the 
Rospon'' part of the culture media used In this Investigation wa^^ 

suppllec ■ ■ ■ of the Difeo Laboratories, Incorporated, Detroit, Mich, This 

aid is ■ ‘ 

Rcc«d\ed for publication. March 
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COMPOUND FRACTURES 

B. histohjticxis was recovered in 7 cases of compound fractures. 

Case 1. J. D. &. (L.G.), a private in the Air Corps, received a compound fracture of 
tlie ankio in an automobile accident. He was admitted to the hospital five Iiours afterward. 
The wound was badly contused and filled with cinders from the roadside. 

The wound was completely debrided. It was treated locally with sulfanilamide and 
x-raj-, and an unde.'iignated amount of gas gangrene antitoxin was administered. But in 
spito of all treatment tiie emphysema extended up the fascial planes and it became neccs.sary 
about three hours after the development of the infection to amputate the log. Tlic patient 
died about four days after admission. 

Autopsy sliowed extensive edema of the lungs suggesting Iiemorrhagic bronchopneu- 
monia. 

Smears of the debrided tissues showed streptococci, staphylococci, and gram-positive 
rods, some with terminal or subterminal spores. Mixed anaerobic cultures in milk gave a 
stormy fermentation. A transfer of tliis culture .‘■cnt to me yielded llicrococcus cpidermidis, 
Bacillus sporogcncs, and B. histolyticiis. The latter was fully virulent for guinea pigs, pro- 
ducing (he characteristic myolysis on intramuscular injection and the peculiar lytic destruc- 
tion of the skin so characteristic of tliis species on subcutaneous inoculation. B. perfringens 
was not recovered, hut Kuhns” stated that Clostridium wclchii was present in a blood culture 
taken at tho time of amputation. However, both aerobic and anaerobic cultures taken from 
the.lungs at autopsy were negative but the “findings in the blood ve.ssels, heart and liver 
were compatible with Cl. wclchii infection.” 


Case 2. — W. B. (M.G.), a white man 48 years old, had a partial avulsion of the right 
index finger with compound fractures of the second and third phalanges. He was admitted 
to the hospital within one hour and treatment was started about two and three-fourths hours 
after the injury. The wound was apparently only slightly contaminated but particles of 
glass were present. The finger was amputated and sulfadiaaine was administered locally, 
intravenously, and orally. Tetanus antitoxin was also administered. The wound was dressed 
on tho seventh and eleventh days. A mild infection appeared but its character was not de- 
termined. Eecovery was othenvisc uneventful and complete on the eighteenth day. 

The debrided tissues yielded a hemolytic streptococcus, Group A, a nonhemolytic 
streptococcus, Micrococcus auretts, micrococcus alhiis, micrococcus tetragenus, Sarcina lutea, 
“hay bacillus,” Bacillus pasteurianus, and B. liistolyticus, the latter fully virulent. 


Case 3. — ^D. J. (C.H.), a Negro man 70 years old, sulTered a compound fracture of the 
tibia and fibula and lacerations of the forehead in a street accident. He was treated within 
one hour. Contamination was regarded as slight. He was given 3,000 units of tetanus anti- 
toxin and 3,000 units of B. perfringens antitoxin. The wound on the finger was completely 
ddbrided, dusted with sulfanilamide and sulfadiazine, and the bony parts were fixed by 
plates, screws, and plaster. Sulfadiazine was also given orally and intravenously, a total of 47 
Gm. in nine days. The wound on the head was also dusted with sulfadiazine and sutured. 
The scalp w-ound healed without complications but the leg became infected and developed 
a persistent osteomyelitis. There was no union after twenty-three days. 

Cultures from the debrided tis.sues yielded many species of bacteria, among which were 
identified a nonhemolytic streptococcus. Group D, Micrococcus varians, M. cpidermidts, 
Flavobacterinm sp. 7, Bacillus hifermentans, and B. liistolyticus, apparently nonpafhogenic 
upon subcutaneous inoculation of a guinea pig. 

Unfortunately, through some oversight, no cultures were made after the initial opera- 


tion; 

CiSE 4. A. C. (C.H.), a white man 39 years old, suffered a compound fracture of tlm 

lateral malleolus and a slight diastasis of the tibia and fibula. The wound was ; 

debrided, sprinkled with sulfanilamide, and left open. Sulfadiazine was administered ora . 
at once and occasionally during the follow'ing eight days, a total of 51 Gin. 

There was no evidence of infection on the twelfth day and although healing was 
incomplete the patient deserted and did not return. The d%ided tissues 
hemolytic streptococcus. Group D, M. cpidermidis, Micrococcus aurantiacus 
aerogenes, Badllus tertius, and B. liistolyticus, fully virulent. On the ^tenth day 
showed a nonhemolytic streptococcus, M. aureus and a ‘ hay baciUus. 
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Case 5. — M. B. (M.G.)j white man 26 j’ears old, suffered a compound fracture of 
tho right radius and ulna, a compound fracture of the lower part of the right log, and a 
laceration of the forehead in a railroad yard. He wa.s hospitalized within one hour in fair 
condition hut with impending shock.' Operation rvas started during tho ne.vt hour. The 
wounds were contaminated by cinders. It was considered necessary to amputate both the arm 
and the leg above the sites of fracture. The stumps were dusted with sulfanilamide and 
closed, the arm without tension, the leg with tension. The laceration on the forehead was 
also ddbrided and completely closed. Sulfadiazine was administered systemically, a total of 
47 Gm. in thirteen days. 

The debrided tissues showed several species of bacteria among which were identified 
Bacteriumi coli, Bacterium proteuc, Bacillm tetani, and B. hictolyticuc, the two latter fully 
virulent. The wounds in the head and atm healed in twenty-four days without any clinical 
evidence of infection except a slight serous discharge in the arm. 

On the twelfth day there was still some purulent exudate in the leg and 3f. aureus, M. 
albus, Bact. coli, and Bact. proteus were found in a culture taken on that day, but on’ the 
twenty-fourth day all clinical signs of infection had disappeared. However, the patient re- 
mained in the hospital for a total of sixty-five days, when he was discharged using an artificial 
leg. V 

Case 6 . — W. J. tV. (C.H.), a Negro man 66 years old, suffered a compound com- 
minuted fracture of the left tibia and fibula on a country road. Ho was brought into the 
‘ hospital after six hours. He was given 3,500 units of tetanus antitoxin and 4,000 units of 
B. perfringens antitoxin. The wounds were ddbrided and the fraetures were reduced and 
fixed with Steinmann pins and a plaster cast. Sulfanilamide was used locally and sulfa- 
diazine systemically, a total of 93 Gm. in seventy-five da 3 ’B of hospitalization. This patient 
had a spiked fever curve with temperatures between 101 and 102° P. but the dressing was 
not changed until the twenty-fiftli day, at which time it was decided to amputate the limb. 
Tile record is incomplete from there on; the case was cited as an unsuccessful demonstration 
of the Trueta-Orr technique. 

. Cultures from the debrided tissues showed hemolytic streptococci. Streptococcus fecalis, 
Gioup D, Micrococcus candidus, an unidentified “liay bacillus," B. tertius, B. sporogenes, 
and B. histolyticus, the latter fully virulent. A culture on the twenty-fifth day showed If. 
aurantiacus, Boot, coli, Str. fecalis, B. sporogenes. Bacillus nonfermentans, and B. histolyticus. ' 

Case 7. — L. P. (C.H.), a Negro woman 79 years old, had a grossly contaminated com- 
pound fracture of the radius and ulna with severe stripping of the periosteum, caused by 
falling in a field. She was treated in the hospital within one hour, all devitalized tissue and 
dirt being debrided and the fracture reduced. The wound was dusted with sulfathiazole 
and left open, fixed under plaster. Tetanus antitoxin, 3,000 units, and B. perfrvngens anti- 
toxin, 4,000 units, were administered. There was no evidence of infection. Recovery was 
uneventful. The patient was released on the twenty-fifth day. . 

Cultures of the debrided tissue yielded B. histolyticus (fully virulent), B. hifermentans, 
nonhemolytic streptococci, and B. proteus. No subsequent cultures were made. 


SUMMARY OF COMPOUND FRACTURES 

Inspection of Oases 1 to 7 shows that only Case 1 resulted fatally and in 
that instance death was attributed primarily to B. perfringens, as B. histolyticus 
was not suspected until I demonstrated it in a mixed 'culture. All of the other 
patients survived, 2 without infection, 1 with a trivial infection, and 3 with 
serious infections. But with one exception B. histolyticiis appeared only in the 
cultures made from the debrided tissues and there was no evidence of lesions 
which could be attributed to this species. Yet all but one of these cultures of 
B. histolyticus were fully virulent, producing tj^ical lesions in guinea pigs, 
and all ivere associated with other aerobic and anaerobic species of bacteria. 
In one instance, B. histolyticus persisted until the twenty-fifth day, at which 
time the leg had to be amputated. 

RlacLennan^ observed 1 case in which B. histolyticus was appai’cntlj" the 
sole infecting organism. “The terminal picture was in every way similar to 
that produced in the thigh of a guinea pig exiierimentallj^ that is a rapid and 
extreme digestion and liquefaction of all the related soft tissues.” Nothing of 
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the sort was apparently seen in Case 1 l)ut we note that in H of MacLennan’s 
eases of mixed infection where the appearance of the infected muscles was re- 
corded, they were invariably described as being verv dark in color— “dark red,“ 
“pui-ple," or “black” and “of a very soft consistency” but, “digestion of 
tissues was apparently not obsen^ed.” 


LACERATIONS 


There were 5 cases of lacerations from w'hich B. histolyliciis -was recovered. 


Case 8. — A. E. (C. H.), a white man 21 year-s old, received a stab wound in the chest, 
penetrating tlie thoracic cavity. He came under treatment during the fourtli hour after 
the injury. Tliere was no evidence of gross contamination. He was given 3,000 units of 
tetanus antitoxin and 4,000 units of B. jterfringens antitoxin. The wound was treated with 
sulfanilamide and sulfadiazine, and a total of 28 Gm. of .sulfadiazine was given sj-stemically 
during a week’s stay in the hospital. Healing oceurred without complications. 

A culture made on admis.sion yielded a nonhemolytic streptococcus, Group D, M. alhu.t, 
3f. eindermuUx, an unidentified “hay bacillus,’’ B. iertius, and B. histolytiem, apparently non- 
pathogenic on both subcutaneous and intramuscular injection of guinea pigs. 

Case 9. — G. (C. H.), a male Negro, 18 years old, received multiple' stab wounds of 
the chest and abdomen, one penetrating the peritoneal cavity and the stomach. He came 
under treatment during the second hour after the injury. He was given 3,000 units of tetanus 
antitoxin and 4,000 units of B. -perfringens antitoxin, A laparotomy- was performed to re- 
pair the wound in the stomach and alt incisions and wounds were completely closed without 
temsion. Sulfanilamide was used locally and sulfadiazine systemically, a total of ."53 Gm. in 
fifteen days. 

On the fifth day the major stab wound was obviously infected and on the sixth day a ' 
kernel of com (!) was extruded from it, showing that the ddbridement had been incomplete. 
From that time on healing was uneventful. 

A culture from the ddbrided tissue showed a nonhemolytic streptococcus. Group I), 
.\f. alhus, If. epidermrdis, If. candidus, an unidentified “hay bacillus,’’ and B. histolytieus, 
which failed twice to -produce the characteristic lesions on subcutaneous inoculation into 
guinea pigs. . 

A culture taken on the fifth day showed If. aureus, M, albus, Bact. aerogenes, Coryne- 
hacterivm sp. (?), and a nonhemolytic streptococcus. 

-A culture taken on the twelfth day showed M. aureus, B. aerogenes, and others not 
identified. If B. histolytieus was present in either of the.se later cultures it was not 
isolated. 


Case 10. — E. O’B. (SLG.), a white man 23 year.s old, received a severe laceration and 
avulsion of his left forearm in a warehouse accident, which exposed a strip of muscles about 
8 cm. long. He was brought to the hospital within one hour. Treatment was started about 
three and one-half hours after the injury and consisted in the administration of 10,000 units 
of B. perfringens antitoxin and 10,000 units of BaciUus septicus antitoxin. No sulfonamide 
drugs were used. The area -was grafted at once with split-thickness grafts taken from the 
thigh and sutured into place. Most of these grafts took satisfactorily, but certain areas 
which continued to granulate were treated with wet dressings. Complete healing occurred 
in about two and one-half months. 

The debrided tissue j-ielded a nonhemolytic streptococcus. Group D, if. aweiis. an 
unidentified “hay bacillus,’’ B. iifermentans, and B. histolytieus, which was fully virulent. 
Unfortunately, no further cultures were made. 


Case 11. M. (C.H.), a Negro man 37 years old, received multiple stab wounds 

af the arm and chest in a street fight. He was treated within the first hour. The flexor 
tendon was severed and the radial artery was injured. Tetanus antitoxin, 3,000 
idministered He also received 500 c.c. whole blood. The flexor tendon and the ^ 

Sr/epafred and all wounds were closed without tension. No drugs -- -f, 
i, ^ develoned and sulfadiazine was given systemically from the ninth to me 

teenth day, a total of 25 Gm. The wounds were healed, however, in 'about twenty-two ay • 
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A< culture made from the arm at operation yielded Streptococcus ignavus (?), M. epi- , 
dermidis, M. Candidas, “hay bacillus,” and B. histohjticus which was apparently only slightly 
pathogenic, producing moderate edema on subcutaneous injection of a guinea pig. 

Cultures made from d^brided tissue from tho wounds in the chest yielded B. hifcrmentans 
B. sporogenes, Bact. aerogenes, a micro-aeropliillc alpha-hemolytic streptococcus, M. candid^ts, 
and B. histolyticus (fully virulent). 

A culture taken from the arm on the ninth da}' showed M. aureus, a hemolytic strepto- 
coccus, Bact. aerogenes, C. sp. (?). One taken from tho arm on the fifteenth day showed 
if. (iwreits, if. aurantiacus. Bacillus cloacae, Bact. aerogenes, C. sp. (?), B. sporogenes, a non- 
hemolytic streptococcus, and B. hifermentans. If B. histolyticus was present on the ninth and 
fifteenth day it was not recognized or isolated. 

Case 12. — S. C. (A.C.H.), a white woman, C3 years old, received a laceration of the 
lower part of the right leg and a fracture of the fibula in an automobile accident. She was 
treated during the first hour. The wound was grossly contaminated with dirt and clothing. 
It was debrided and left open. Sulfanilamide was used locally and sulfadiazine by mouth, 
^30 Gm. during a period of ten days. Healing was complete in six weeks without infection. 

Cultures from the dfibrided tissues showed, among others not identified, a nonhemolytic 
streptococcus, If. epidermidis, a “hay bacillus,” Bact. aerogenes. Bacterium alkaligenes, B. 
perfringens. Bacillus putrificus, B. hifcrmentans. Bacillus cochlearius (?), and B. histolyticus 
(fully virulent). No other cultures were made. 

SUSIJIABY OF LACERATIONS 

None of these cases ended fatally. Two wounds healed without infection, 
one healed after a minor infection, while two healed after serious infection. 
B: histolyticvs was demonstrated only in tJie debrided tissues from these cases 
and there was never any clinical indication of its presence after the initial op- 
erations. 

Three of these cultures were fully vinilent; two were apparently nonviru- 

lent. 

, GUNSHOT WOUNDS 

There were three gunshot wounds. 

Case 13. — E. S. (D.G.H.), a white male, 18 years old, was accidentally shot by a hunt- 
ing companion with a shotgun, in the sacrum, posterior pelvis, and gluteal regions. He was 
brought immediately to another hospital, where the wound was debrided but not completely, 
as subsequent x-rays showed that some of the shot had apparently entered the posterior pelvis. 

I was present and took some debris from the wound, including pieces of clothing and gun wads 
from all of which cultures were made. 

Tlie principal wound, about 7 inches long, running transversely across the sacrum, was 
closed with silk sutures, a Penrose drain protruding from each end of the wound. Prophylac- 
, tic doses of gas gangrene antitoxin and tetanus antitoxin were administered but the amounts 
given are not available. 

On the third day the patient was transferred to the Denver General Hospital. Aside, 
from occasional pain in the region of the wound there were no complaints on the part of the 
patient. His general condition was good. There was no evidence of injury to the spinal 
1 cord, no loss of sensation, and all reflexes weie satisfactory. X-rays showed “numerous 
metallic foreign bodies throughout both the gluteal regions with the largest concentration 
reaching into the sacrum. ’ ’ 

Tho drain was removed on the ninth day after the wound was received. Becovery was 
uneventful. Smears from the debrided tissues showed numerous pus cells and a few clumps 
of gram-positive cocci. The cultures j-ielded “hay bacillus,” Streptococcus anginosus, Bacillus 
sphenoidcs. Bacillus suhterminalis, and B. histolyticus, the latter fully rdrulent. 

Case 14. — G. P. (C.H.), a white man 2C years old, was shot in the forearm, in the 
thigh, and in the head with a pistol. He was brought in for treatment within one hour. The 
skull was fractured but not penetrated by the bullet. He was given 500 c.c. of whole blood 
and the wounds were cleansed, debrided, and closed without tension. Sulfanilamide was used 
loc.'illy and sulfadiazine systemically, 37 Gm. in a period'of eleven day.«. 

There wa.'- no iufeetion and healing was eomplefo in ten day... 
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Cultures from the debrided tissue yielded a hemolytic streptococcus, a nonlicmclj-tic 
streptococcus, Group D, M. candidm, M. aurantiaeiis, M. epidcrmidi’s, Sarcina sp. (?), B. 
icrtius, and B. Iiistolyticus. The latter was only moderately virulent for a guinea pig inocu- 
lated subcutaneously, producing edema and hematoma, but no break in the skin. 

Case Jo. — IC B. (C.H.), a Negro man 31 years old, received multiple wounds from a 
pistol in the abdomen and chest during a fight in the street. Treatment. was begun within 
one hour. The pleural cavities were not penetrated but the peritoneal cavity was, with dam- 
age to the mesentery. The mesentery and peritoneum were repaired and the wounds were 
closed without tension. AVliolo blood, 250 c.c., were transfused. No antitoxin was given but 
sulfadiazine was administered .systemically, 70 Gm. in nintecn days. 

About the twentieth day an abscess developed at the point of exit of the bullet in the 
lumbar region. This was deeply incised and drained on the twenty-sixth day, after which 
complete healing occurred, the patient being discharged on the forty-fifth day. 

A culture froni the debrided tissues showed M. alius, 21. varians, 21. cpidermidis, B. 
icrtius, and B. hi.itoh/ticu.";. A culture taken from the abscess on the twentieth day yielded 
21. aureus, a nonhemolytic streptococcus, and B. hisiolyticus. One taken on the twenty-fifth 
day yielded 2[. aureus, a nonliemol^'tic streptococcus, B. coH, and B. histolyticus. The thirty- 
seventh day showed the same species plus an unidentified species of Corynebacterum. B. 
histolyticus was still present. Of the four cultures of B. histolyticus recovered, we had an op- 
portunity to recheck only the first, that is, the one from the dCbrided tissues, which was fully * 
virulent. 

SU5I5IARY OP GUXSHOT WOUN'DS 


All of these patients recovered, 2 vithout infection, 1 after the development 
of jQ, deep abscess. In 2 of these cases B. hisiohjticus was recovered only from 
the debrided tissues; in Case 15 it was recovered not only from the debrided 
tissues but also from cultures taken on the twenty-fifth and thirty-seventh days. 

Two of these cultures of B. histolyticus were fully virulent, one was only 
moderately so. 


BURNS 

B. hisiolyticus was found in two cases of bums. 

Case 16. — ^A. S. (C.H.), a white man, 52 years old, received first, second, and third de- 
gree bums on the chest, neck, back, and shoulders in an explosion of kerosene. About 25 per 
cent of the surface of the body was burned but less than 5 per cent was regarded as third 
degree. 

This patient was not received in the hospital until after two or three days had elapsed. 
At that time there was evidence of gross contamination with ants and maggots crawling over 
the burned area. 

These were thoroughly cleansed and covered with pressure dressings soaked in mertliio- 
late. Saline solution tub baths were given at frequent intervals. Medication included 1,700 
c.c. of plasma, 500 c.c. of blood, and 25 Gm. of sulfathiazole systemically in ten days. The 
patient was discharged in sixty-five days but the time of complete healing was not recorded. 

Cultures from the ddbrided tissues showed a hemolytic streptococcus, a nonhemolytic 
streptococcus. Group D, 21. epidermidis, an unidentified gram-negative rod, B. perfringens 
and B. histolyticus (fully virulent). 

A culture taken on the eleventh day showed a hemolytic streptococcus, 21. aureus, B. coh, 
Micrococcirs luteus, 21. aurantiaous, S. sp. (?) and C. sp. (?). One taken on the twenty-sixth 
day show'ed a hemolytic streptococcus, 21. aureus, and ilf. epidermidis. 

Case 17. — ^R. D. (C.H.), a white male, aged 4 years, was scalded by hot water on the 
chest and arms. He was brought in for treatment during the third hour after the injury, 
which wms regarded as third degree but involving only 5 to 9 per cent of the surface area. 
He was given 1,500 units of tetanus antitoxin before admission and 3,000 units more al^er- 
ward. He was treated with saline solution pressure dressings. No sulfonamides were use . 


Healing was uneventful and complete in thirteen days' time. 

The ddbrided tissues showed 21. epidermidis, 21. candidus, an unidentified 
rod, and B. histolyticus (moderately virulent). 


gram-negative 


SUMMARY ON BURNS 

■ Both patients recovered, one without signs of infection, one ® ^ 
infection. B. histolyticus was recovered from the debrided tissues o 
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tients but was not recovered from subsequent cultures and tliere was never any 
clinical evidence of its presence. One of the cultures was fully virulent, one 
only moderatelj' so. 

These are believed to be the first eases of burns in which B. histohjticvs has 
been isolated. 

GENERAL DISCUSSION 

The occurrence of B. histolyticvs in accidental wounds, as presented here, 
is regarded simplj’- as an expre.ssion of the widespread occurrence of this or- 
ganism ill nature. It should be distinctly under.stood that the debrided tissues 
were minutely studied in these eases as a means of determining the potential 
pathogenic agents; we do not advocate such cultures routinely since it is quite 
apparent that they have little or no relation to the subsequent development of 
infections if surgical treatment is instituted ivithin a reasonable period of time. 

Ever since the discovery of B. Mstolyticus as one of the pathogenic fac- 
tors in gangrenous wounds by ^Vehiberg and Sequin,* in 1916, and their dem- 
onstration of its remarkable and peculiar pathogenic properties in experimental 
animals, there has been much speculation and discussion as to its actual role 
in accidental infections. Weinberg and Sequin recovered it in 8 out of 30 
gangrenous wounds before describing it; they recognized 'that these cases were 
exceptionally severe as 4 were fatal and the other 4 required amputations. They 
later^ emphasized that the rapid liquefaction of 'tissues produced by the toxin 
of this organism was unusually favorable to the synergic growth of other an- 
aerobic bacteria such as B. pei^frinyens and B, edematiens (Bucilhis novyi). 
Legros® was apparently the first to describe a human case in which the lesions 
were similar to those in animals; this was a mixed infection with cocci, B. 
edematiens and B. spwogenes. 

Pure infections are indeed exceptional, as Conibiesco^ pointed out. Wein- 
berg saw only one, which required immediate amputation, and I have seen no 
records of others prior to those of MacLennan.* It seems probable, therefore, 
that the characteristic lesions as seen in experimental animals and in a few rare 
accidental pure infections are masked and modified in the usual mixed infec- 
tions in gaseous gangrene to such an extent that they can seldom be recognized. 
But there is no doubt, on the other hand, that a virulent B. Mstolyticus may play 
a profoundly important role when it occurs in a mixed infection. 

B. histolyticus is a common organism in nature and has a widespread dis- 
tribution. I recovered it from human feces in 1923® Although Kahn® failed 
to I'ecover it in a large series of stool examinations, Torrey*®’ ** isolated it from 
the ileocecal region of two patients who had coleotomies, and Weinberg, Eenard, 
and Davesne*® found it in two gangrenous appendices. It probably occurs not 
uncommonly in the intestinal tracts of man and animals from wliich it readily 
finds its way into the soil. 

Petemon and I*® obtained it from arable soil in California, Chiari** from 
soil and tannerj* wastes in Germany. Whitehead and I*® also obtained several 
strains from African poisoned arrows pasted with a mixture of poisonous plant 
juices in clay. 

Although AYeinberg and Sequin regarded B. Mstolyticus as an "obligate an- 
aerobe, I showed, in 1923,*® that it was a facultative aerobe; I believe that it 
can be isolated more easily by aerobic than by anaerobic methods, but its colonics 
are minute and are likely to be overlooked in a mixed culture bj' all but the best 
trained and most meticulous bacteriologists. This accounts for the fact that it 
was not discovered until 1916 and that it is .'seldom reported even today. Thus, 
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in the present study of 2,493 contaminated civil wounds Ijy 9 cooperating hos])i- 
tals, only 3 submitted cultures containing B. histoJyiicus. It seems significant 
that of 15 cultures from these 3 hospitals in which Ave found B. lustoljjiicvs, 11 
came from a single hospital, 7 of these being pure and already identified cor- 
I'ectl}', while 1 Avas pure but had not been identified ; 2 AA'ere impure but AA’ere 
suspected to contain B. hisfohjficiis, and 1 A\-as pure but had been tentatiA'ely 
identified as an unlmoAATi species of “alkaligenes.” 

Another hospital submitted 3 cultures, 1 ])ure and identified, 1 impure 
AAnth suspected B. hisfohjficns, and 1 pure but not identified. Still another 
liospital submitted a single culture, impure and unidentified. 

SUMlI.AnV 

B. Jnaiobjficus AA-as demonstrated in cultures taken fn>m debrided tlssiie.s in 
17 civil AA'ounds. There Avere 7 compound fractures, 5 lacerations, 3 gun-shot 
Avounds, and 2 burns. Those are belicA'ed to be the firet records of B. Insiohjticus 
in connection with burns. 

Only 1 case, that of a compound fi*acture, proved fatal. This Avas a typical 
case of gaseous gangrene caused by B. perfinvgens and other l)acteria. The 
typical lesions produced by pure infections of B. histolyticiis Avere probably 
masked and Avere not recognized. 

All of the other patients rccoA'ored and the peculiar lesions of infection by 
B. In'stohjticus Averc not recognized in any case. 

Persistence of B. liistolytiais in an infected Avound A\-as noted in one ea.se of 
compound fracture of the leg as late a.s the tAA-enty-fifth day. when the leg had to 
be amputated. Persistence to the thirty-seventh day Avas observed also in a case 
of multiple pistol shot wounds. 

The occurrence of B. hisfohjticK^ in Avounds is x’egarded solelj* as an ex- 
pression of its Avidespread occurrence in nature. If AA’ounds are promptly and 
adequately debrided it rarely pereists. If gaseous gangrene develops, the pe- 
culiar lesions produced by this organism in pure infections are likely to be 
masked and OA^erlooked. It may pereist in a mixed infection for tAventy-five to 
thirtA’-seven days Avithout giving any clinical indication of its presence. 

The comparativelj^ infrequent demonstration of this organism in accidental 
Avounds probably gives an erroneous conception of the actual frequency of its 
occurrence OAving to the fact that it is so easily overlooked in a bacteriologic 
examination of a mixed infection. 
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THE OCCURRENCE AND POSSIBLE SIGNIFICANCE OP BACILLUS 
TETANI IN COMPOUND FRACTURES, IiACBRATIONS, 
GUNSHOT WOUNDS, AND BURNS 

I 

Ivan G. Hall, Ph.D., iNew York, N. Y. 

(From, the Central Lahoratory of the Coninminnted Wound Project, College of Phy/tician.<t 

and Surgeons, Columbia University) 

T he writing of this paper was suggested by the fact that out of' a total of 
2,493 civil contaminated wounds studied under the Contaminated Wound 
Project, there tvere 11 in which Bncillus tetam was recovered from the d^brided 
tissues. None of these patients developed tetanus wliile in tlie hospital and 
none is known to have done so since, although contact with some of the patients 
has been lost. These 11 cases were located in four hospitals, as follows; 


Charity Hospital, New Orleans, La. 2 eases 

Detroit Receiving Hospital, Detroit, Mich. 6 cases 

ilassachusetts General Hospital, Boston, Mass. 1 case 

Cincinnati General Hospital, Cincinnati, Ohio 2 eases 


One patient, treated in Charity Hospital for a burn, failed to yield B. 
tetaiii from, the debrided tissue but after a transfer to another hospital on the 
thirty-second day was reported to have developed tetanus on the thirty-fifth 
clay, from which he eventually recovered. 

COMPOUND FRACTURES 

There were 5 compound fractures, 1 of wJiich wa.s complicated by a gunshot 
wound. 


Cask 1. .1. G. (C. G. H.), a Negro man 33 years old, July 19, 1942, received a com- 
pound fracture, of the proximal phalanx of the left fifth finger and a pistol wound in the 
shoulder. He was admitted to tlie hospital within one hour, and operated upon during the 
third ho ur after the intyry was icceivcd. He leceived a prophylactic dose of tetanus anti- 
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toxin. A portion of the bone of the finger wa.s removed and an aluminum splint was applied. 
Debridement of the gunshot wound was regarded as somewhat incomplete and unsatisfactory. 
Sulfanilamide was applied locally and 23 Gm. of sulfadiazine were given orally during a 
period of nine days. No serious infection occurred at this time. 

The ddbrided tissues showed Micrococcus aureus, Streptococcus viridms, Bacillus 
acrogencs, Bacillus perfringens, and B. ietani. 

This patient was seen last Aug. 17, 1942, at which time the wound was well healed 
superficially but there was still some local edema and induration and little function of the 
proximal intcrphalangeal joint. An attempt in August, 1944, to ascertain the subsequent 
history of this patient failed. 

Case 2. — M. B. (JL G. H.), a white man 20 years old, Sept. 13, 1942, suffered a com- 
pound fracture of the right radius and ulna, a compound fracture of the lower part of the 
right leg, and a laceration of the forehead in an accident in a railroad yard. He was 
hospitalized' within one hour in fair condition but with impending shock.' Operation was 
started during the next hour. The wounds were contaminated by cinders. It was considered 
necepary to amputate both the arm and leg above the sites of fracture. The stumps were 
dusted with sulfanilamido and closed, the arm without tension, the leg with tension. The 
laceration on the forehead was also debrided and completely closed. Sulfadiazine was 
administered sj-stemically, a total of 47 Gm. in tliirteen days. 

The debrided tissues showed several species of bacteria, among which were identified 
Bacterium coli, Bacterium proteus, B. Ietani, and Bacillus histolyticus, the two latter fully 
virulent. 

The wounds in the head and arm healed in twenty-four day.s without any clinical evidence 
of infection e.xcept a slight serou.s discharge in the arm. 

On the twelfth day there was still some purulent exudate in the leg and M. aureus, 
Micrococcus alhus, Bad. coli, and Bad. protetts were found in a culture taken on that day 
but on the twenty-fourtli day all clinical .signs of infection had di.«appeared. However, the 
patient remained in the hospital for sixty-five days, when he was discharged using a wooden 
leg. Up to Sept. 12, 1944, he had not developed tetanus. 


Case 3. — E. C. (C. H.), a Negro man 24 years old, Jan. 8, 1943, was struck by an 
automobile and sustained a compound fracture of the left radius. He was admitted 'to the 
Iiospital within one hour and received 3,000 units of tetanus antitoxin and 4,000 units of 
B. perfringens antitoxin. Tlie wound was ddbrided during the third hour; the fracture was 
reduced and the defect closed with cotton sutures without tension. The arm was fixed in 
plaster. No drug was used locally in the wound but 22 Gm. of sulfadiazine and sulfathiazole 
were .administered orally during the first four, days during which the patient 's progress was 
uneventful, and after which he was transferred to another hospital where the fracture healed 
without infection. May 10, 1943, there was only a slight stiffness of the wrist joint. Sept. 
5, 1944, he was reported as not having had tetanus. 

Cultures made from the debrided tissues yielded Micrococcus epidermidis. Bad. coli, 
Bacterium cloacae. Bacterium alkaligenes. Bacillus tertius, and B. ietani. 


Case 4. — J. T. (D. E. H.), a Negro man 54 years old, Feb. 20, 1943, was struck by an 
automobile and sustained a compound fracture of the lower third of tlie tibia and fibula of the 
left leg in a city- street. He was admitted to the ho.spital within one hour and given 1,500 
units of tetanus anittoxin but the operation was deferred to the sixth iiour owing to conges- 


tion in the operating rooms at tlie time. 

The laceration was about three inches in length, through which approximately three 
inches of tibia protruded. The wound and exposed bone were very dirty. All of the lacerated 
muscles and exposed and contaminated tissues were completely debrided. The wound was 
irrigated briefly but thoroughly with physiologic saline solution from the depths outward; the 
fracture was reduced and the skin closed over it with silk sutures after which a plaster cas 
with three Steinmann pins was applied. 

No drug W’as used locally but 37 Gm. of sulfadiazine were given during his thirty-two 
days in the hospital. When the cast was removed after seventy-five days the wound was 

found to be completely healed. ' 

The ddbrided tissues yielded a nonhemolytic streptococcus, M. epidermidis, Microcoo 
tetragenus, B. perfringens, an unidentified nonpathogenie bacillus, and B. ietani. 

He was last seen about one year later and had not developed tetanus. 
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Case 5. — Gj Z. (C. H.), a white male, 10 years old, July 14, 1943, fell in a field and 
suffered a compound fracture of the radius and a simple fracture of ulna. Dirt was forced 
into the wound. He wrapped a rag around the wound and went home. An ambulance was 
called, at which time the fracture was reduced, the wound covered with sterile gaure, and an 
aluminum splint applied. He was given sulfanilamide locally and .systcmically but no anti- 
toxin. 

On the second day the wound became infected and Jie was brought to the ho.spital where 
evidence was found of incipient gaseous gangrene. Tiic wound was then tiioroughly debrided 
for the first time. The wound was packed with sulfanilamide, sulfadiazine, and methylene 
blue powdered together and he was also given 30,000 units of tetanus antitoxin, 60,000 units 
of B. perfringens antitoxin and 1,250 c.c. ^of whole blood. Ho also received 12 Gm. of sulfa- 
diazine systemically. Response was slow but the wound was completely healed in about 
sixty days. 

The debrided tissues yielded nonhemolytic streptococci, B. perfringens, B. tertivs, 
Bgcilhts Mfermentans, Bacillus capitovali^, a “hay bacillus,’’ B. coli, and B. teiani. We 
recliecked three separate cultures of this strain of B. tetani. A culture taken on the third 
day showed hemolytic and nonhemolytic streptococci, B. hifermentans, Bacillus sporogenes, 
B. tertius, Bact. coli, Bad. proteus, and Bad. cloacae. B. perfringens and B. tetani were 
not recovered. A culture taken on the eleventh day showed hemolytic streptococci, Bad. coli, 
B. aerogenes, B. hifermentans, B. sporogenes, and B. perfringens. Again B. tetani was not 
recovered. 

This patient was reported Sept. 5, 1944, as free from tetanus up to that date. 


LACERATIONS 

There were 5 lacerations. 

Case 6. — ^R. H. (D. R. H.), a negro woman, 25 years old, June 7, 1942, cut the back 
of her right wrist, severing the extensor tendons of the third, fourth, and fifth fingers and 
the extensor carpi ulnaris. She was admitted to the hospital during the first hour and received 
no antitoxin, nor drugs. Under brachial block anesthesia, the area around the wound was 
washed with soapy water, completely debrided, and irrigated wfith 4 liters of sterile physiologic 
saline solution. The tendons were reunited with silk and catgut ligatures and the wound 
was closed under slight tension. The hand was dressed in extension using a plaster mold. 
Healing occurred in twelve days and function has been excellent. 

The debrided cultures yielded Micrococcus varians. Micrococcus Candidas, M. epidet midis, 
an unidentified species of Corynebacterium, B. capitovalis, and B. tetani. We rechecked two 
separate cultures of this strain of B. tdani. 

She was last seen about one j'ear later and had not developed tetanus. 

Case 7. — ^M. V. (C. G. H.), a Negro woman 26 years old, June 12, 1942, cut her right 
Ihumb with a piece of glass, resulting in a division of the extensor pollicus longus tendon. 
It was wrapped in a “clean’’ cloth as a first-aid dressing. She was admitted to the hospital 
during the third hour and operated upon during the sixth hour after the injury was received. 
A prophylactic dose of tetanus antitoxin was given. The laceration was debrided and the 
tendon repaired. The wound was dusted with sulfanilamide and closed with silk ligatures. 
She also received 16i^ 6m. of sulfadiazine systemically during a period of seven days in 
which healing occurred without evidence of infection. , 

The debrided tissues yielded M. aureus (7), B. capitovalis, and B. tetani. 

This patient was seen for the last time June 25, 1942. The wound had healed veil and 
function of the thumb appeared to be good. She did not keep a later appointment and an 
attempt in August, 1944, to ascertain her subsequent history failed. 

Case S. J. C. (D. R. H.) a Negro man 35 years old, Aug. 2, 1942, in a fight received 
multiple lacerations, one 15 inches long, of the left thigh with partial severance of the vastus 
lateralis, tensor fasciae latae, and semimembranosus as well as several stab wounds in the 
neck, shoulder, and abdomen. 

He was admitted to the hospital within the first hour and operated upon during the 
fifth hour after the injury was received. 

• A prophylactic dose of 1,500 units of tetanus antitoxin was given but no sulfonamide 
drugs were used. The wound was thoroughly washed with soapy water, completely ddbrided, 
and irrigated with large amounts of sterile physiologic saline solution. The layers were closed 
with silk, the skin with heavy- catgut, under considerable tension. 
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The debrided tissues j-iclded M. epuhrmidis, a “liay bacillus/’ Bacterium pyocyaneum, 
and S. tetani. 

Stitch abscesses developed in the major wound causing a separation of the skin and de- 
lajnng healing but this infection was easily controlled by saline solution compresses and 
the wounds were all completely healed in twenty-three days. Cultures taken on the ninth 
day showed Micrococcus auraniiacus, Micrococcus alVus, and Str. viridanc. 

He was last seen about one yeai later and had not developed tetanus. 

Case 9. — E. B. (D. E. II.), a Xegro man 3G year.*- old, in a fight on Sept. 7, 1942, in a 
beer hall, received a laceration twenty-three inches long extending almost from spine to 
sternum, along the upper left side of the chest wall level with the nipple, cutting througli the 
latissimus dorsi and down to the scapula at one point. He was admitted to the hospital 
within the first hour, suffeiing from bronchitis and acute alcoholism, and was operated upon 
during the fourth hour after the injurj- was received. The wound was apparently not grossly 
contaminated and no .‘•erums or sulfonamides were used. 

The wound wa.« only lightly ddbrided, irrigated with phy.siologic saline solution, and 
closed in layers witli silk suture.c, not without some tension. 

The debrided tissues yielded Sir. viridans, Streptococcus fecalis, M. epidermidii, an 
unidentified species of anaerobic coccus, B. sporogcncs, and B. tetani. 

Owing perhaps to insufficient prc.‘-sure on the dressing, a large hematoma developed in 
the dorsal end of the wound. Infection developed in this hematoma on the sixth day, with 
fever, sw’clling, and induration but no cultures were made at that time. In spite of this 
infection, the patient was well enough to be released from the hospital on the twelfth day. 
He returned to the clinic on the twenty-second day, at which time a culture showed H. varians 
and unidentified diphtheroid=. .tVnaerofaie cultures gave negative results. The wounds were 
all completely healed on the thirtieth day. He was last seen about two months later and 
had not developed tetanus. 

Case 10. — P. E. (D. R. H.), a Negro woman 43 years old, Nov. 20, 1942, was severely 
bitten by a dog on the left ankle and thigh, and also sustained a fracture of the left ring 
finger. She was admitted to the hospital within one hour, and operated upon during the 
third hour after the injurj' occurred. She received no antitoxin. The major bitten area 
.*was thoroughly washed with soapy water and completely excised, avell irrigated with phy.«i- 
'lOlogic saline solution and covered with a split-tliickncss skin graft fastened with silk sutures; 
the minor puncture wounds were left open under petrolatum gauze dressings; 37 Gm. of 
.sulfadiazine were administered orally during a period of ten days. Healing occurred without 
complications ; the dressings wore removed on the eighth day. 

The debrided tissues yielded Micrococcus ciireus, “hay bacilli,” B. perfrinyens, and 
B. tetani. 

She was last seen about one year later and had not developed tetanus. 


BUBN.S 


There were only 2 burns. 


Case 11. — P. P. (H. E,), a 73-year-old white man, slightly diabetic, on May 14, 1942, 
sustained second degree bums of the face and left elbow while trying to extinguish a fire 
in a barn. He was admitted to the hospital within one hour and operated upon during the 
second hour after the accident. The burned skin was washed with soapy water and was 
ddbrided. The arm was treated with DymLxal, a proprietary jelly containing crystal violet, 
brilliant green, and acriflavine. The face was treated with Dodecol, W'hich contained 5 per cent 
sulfadizaine and 5 per cent sulfanilamide. These treatments were repeated daily for twelve 

The debrided tissues yielded a nonhemolytic streptococcus, M. varians, M. aureus, Micro- 
coccus luteus, M. Candidas, Corynehacterium sp. (?), and B. tetani. 

The burns on the face were healed by the fifteenth day; healing of the arm somewhat 
delayed by a slight infection but was complete by the trventieth day. The exact character 
of this infection was not detenmned. 

He was still in good health after three months. ^ 


CASE 12.— E. J. (C. H.), a Negro man 24 years old, Aug. 3, 1942, sustained second an 
bird degree bums of the lower legs and feet, first and second degree bums of jigM a 

cS^acerations of the face and hands, and a simple fracture of one aim during an 
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explosion of gasoline. He was' admitted to the hospital witliin the first hour and operated 
upon during the sixth hour, having nlreadj’ received 3,000 units of tetanus antitoxin; he was 
also given two infusions of plasma, totaling 550 c.c. and four transfusions of whole blood, 
totaling 2,000 c.c. 

No sulfonamide drugs were used up to this time. The bums were ddbrided and treated 
with saline pressure dressings. The fracture was reduced and splinted. Sulfadiazine, 41 .Gm., 
were given orally during the first ten days. 

The dfibrided tissues yielded If. candidtis, M. eptVfermfdw, “ hay 'bacilli, ” B. perfringens, 
B. bifermentans, and B. terthts. 

Upon changing the dressings on the left leg on the sixteenth day a gangrenous condition 
was discovered which required the amputation of that leg. 

Cultures taken at that time yielded nonhcmol 3 'tic streptococci, 3f. aur&iis, M. albux, 
M. candidus, M. avraiitiacus, If. epidermidis, “diphtheroids,” B. bifermentans, B. tertins, 
and B. sporogenes and several unidentified gram-negative rods. 

On the twenty-third day a culture from the stump yielded all 'of these except If. 
anrantiacus, If. albus, B. bifermentans, and B. tertius, and in addition showed hemolytic 
streptococci to be present. 

The patient was transferred to another liospital on the thirtj'-second day and three 
days later was reported to be suffering from tetanus.. Sept. 5, 1944, he was reported as 
having recovered but details of his attack could not be obtained. 

SUMMARY OP CASE HISTORIES 

Summarizing these eases we note that there were 5 of eompound frac- 
tures, 5 of lacerations, and 1 burn from debrided tissues of which B. tetani 
was recovered along uuth other bacteria of considerable variety. None of these 
developed tetanus. 

In the case of one other bum, tetanus developed on the thirty-fifth day, 
three days after the patient’s release from the hospital in which treatment was 
initiated. B. tetavi was not recovered from the debrided tissues in this case. 

DISCUSSION AND HISTORICAL SURITSY 

There are two schools of thought with reference to the value of bacteriologie 
examinations of tissues^ surgically debrided from wounds. The first holds. that 
cultures should ahvays be made from such tissues in order to ascertain the po- 
tential infeetors. As Pulaski, Meleney, and Spaeth^ have pointed out, acci- 
dental -wounds are always contaminated and no one can tell which wound is go- 
ing to develop infection. “The knowledge of the bacterial flora in any given 
contaminated wound gives a sound basis for the rational prophylactic treatment 
to prevent infection in that wound. ’ ’ 

The second school holds that cultures from debrided tissues can rarely 
yield any information of real practical value in time for the surgeon to utilize 
it, no matter how interesting it may be from an academic viewpoint. Those 
■vvho belong to the second school believe that time and -u'ork involved are rarely 
.iustified unless, and until, clinical and microscopic e-vddence shows that infec- 
tion has already started, in ivhieh case surgical decisions should be based pri- 
marily upon clinical and microscopic examinations which do not involve the loss 
of time required for the incubation of cultures. In these cases cultures may be 
made as a check upon the microscopic examination and to increase our Imowl- 
edge, knowdng that the findings can only rarely, if ever, influence surgical pro- 
cedures except in a general way. 

The A'ery common occurrence of coagulase-positive staphylococcic infec- 
tions, of hemolytic streptococci ivithout streptococcal infections, of B. per- 
fringens without gaseous gangrene, and the occasional occurrence of B. his- 
ioJyticus- and other pathogens without specific infections illustrate this point of 
view. 
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On the other hand, the occurrence of JS. tetani in wounds and the occa- 
sional delayed development of tetanus after primary healing when the passive 
immunity conferred by the routine administration of tetanus antitoxin has dis- 
appeared, suggest that it may be quite Avorth while ito examine debrided tissues 
especially for this organism in order that suitable precautions may be taken, 
such as active immunization Avith tetanus toxoid or re-immunization Avuth serum 
in the event of a new surgical emergency. There is a great difference in the 
cost of examining debrided tissues for B. tciani by such simple procedures as 
those outlined by Gilles®' '* and the complicated technique required for a com- 
plete aerobic and anaerobic examination. ‘ \ 

CLINICAL CASES OF DELAYED TETANUS 

The problem of delayed or idiopathic tetanus is quite old. According to 
Burnett,® Pescajq many yeai-s ago, observed a number of cases of generalized 
tetanus developing Avithout obvious immediate causes in men AA'ho had marched 
the preceding day in a blazing sun in Spain, and Larej', in the Austrian cam- 
paign of 1809, attributed 110 cases of tetanus in a single day in AV'ounded sol- 
diers to the fact that the battle of Bautzen, in Avhich they fought on an ex- 
tremelj’- hot day, Avas folloAved by a cold damp night. Sedillot also attributed 
an excessive incidence of tetanus after the battle of Constantine in 1836, to a 
similar situation. 

In more recent times there have been many examples of men Avounded in 
battle, apparently successfully treated propliylactieally Avith tetanus antitoxin, 
by debridement, and by successful fixation of fractures, Avith complete or nearly 
complete healing, only to succumb to tetanus upon undue exertion, massage of 
old scars, exposure to sun, inoculation Avith quinine, or new surgical emergencies 
Avithout the protection that miglit haA-e been afforded by re-immunization with 
lantitoxin or tetanus toxoid. 

Courmont and Cordier,® in 1910, recoi’ded tAvo separate attacks of tetanus 
in the same subject, a gardener Avho developed general subacute tetanus fol- 
loAving a puncture Avound in the foot. This attack subsided after intensiv'e treat- 
ment AAath tetanus antitoxin. Five years later the gardener fell, injuring his 
nose. This Avound healed superficially but eleven days later tetanus again de- 
A'cloped. This attack Avas also cured by antitoxin although not Avithout a se- 
vere bout Avith serum-sickness. 

Naturally, in this and other similar cases, the question arises AA'hether tlie 
second attack Avas due to tetanus bacilli lying dormant in the old wound re- 
activated by the ncAV injury’- or a totally ncAV infection. The fact that the sec- 
ond attack in this case Avas of the cephalic type suggests the latter alternative. 

Gubb and Duvernay," in 1915, recorded a case, Avithout any record of cul- 
tures, in which a period of seventy-seven days elapsed from injury until onset 
of s 5 nnptoms, resulting fatally one week later. 

PenhalloAA',® in 1916, recorded a case in a soldier precipitated by a neAV op- 
eration tAvo' months after receipt of his Avound. This man recovered under in- ' 
tensive treatment with antitoxin. 

Barling® had 3 patients with delayed tetanus under observation at one time. 

In one tetanus occurred after fifty-one days, in another after fifty-three days, 
and in’ a third after forty days. AU recovered from tetanus but thedast dieo 
from a streptococcal gangrene Avhich developed after seventy-three days. 

MilleF® had a patient who developed slight tetanus at seven days, from 
Avhich the soldier apparently recovered but the attacks recurred on the seventy- 
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fourth day along witli a bronchopneumonia, probably induced by chronic alco- 
holism, and ended fatally on the eighth day in spite of 9,000 units of tetanus 
antitoxin. 

Doberer” recorded a case of delayed tetanus in a soldier 128 days after the 
wound was received, while Foster’ = had 3 eases of gunshot wounds, all promptly 
treated prophylactically uuth tetanus antitoxin, one occurring spontaneously at 
eighty-six days, one after a fall at 106 daj'^s, and the last after a fall followed 
by bronchopneumonia at 146 days:, 

Vernoni’^ reported 4 patients with tetanus wuth delayed or recurrent symp- 
toms after intervals of fifty days in one, seventy daj^s in tw^o, and covering, ten 
months in a fourth, precipitated by excessive exercise in 2 cases, massage of an 
old wound containing a foreign body in 1, and undue exposure to the sun in a 
fourth case. All eventually recovered. 

Other eases of late tetanus Avere recorded in 1917 by Kaposi,’* of recurrent 
tetanus by WestAvater,’” and of local tetanus as modified by the prophylactic 
use of tetanus antitoxin by BurroAvs.’® HoAA'ever, in view of the record Ave can 
scarcely agree AAuth BurroAA^s that local tetanus is a neAV form of disease. 

For long-term records Ave may cite a case b.y Brunzel” after six years. 
Brunzel’s title saj^s “siehen Jahre” but AA’hy exaggerate? The patient had been 
slightly Avounded'in the ann bj’’ a bursting grenade in 1915. The Avound ap- 
peared at firat to be healing but a little later an abscess developed from Avhich a 
small piece of metal Avas removed. Moderate trismus and pain in the neck oc- 
curred at the time. No reference Avas made to cultures or use of antitoxin but 
the patient recovered, only to succumb to tetanus in 1921 in spite of intensive 
treatment Avith antitoxin. 

Ernst,’® in 1931, observed symptoms of tetanus six days after opening a ■ 
small abscess in the scar of a wound fourteen years old. This patient recovered 
after heavy doses of antitoxin. There Avas no record of bacteriologic examina- 
tions. Bonney, Box, and MacLennan’® recorded the case of a young unmarried 
Avoman Avho in 1928 miderwent an operation for the removal of uterine fibroid 
tumors. Fifteen days later symptoms of tetanus developed but she recovered 
under treatment. B. tetani Avas not demonstrated in tlie discharges at thaf time. 
In 1938, ten years later, a ncAV crop of fibroid tumors developed. She was given 
tetanus antitoxin and again operated upon. B. tetani, type III Avas recovered 
from the scar tissues. She recovered from the operation and did not dtyelop 
tetanus again. Serum Avas negative for H and 0 agglutinins for her own culture 
and eight other antigenic types of B. tetani. 

EXPERIMENTS ON DELAYED TETANUS 

The experimental basis for our modem underatanding of delayed tetanus 
Avas laid many years ago Avhen Vaillard and Vincent®® first shoAA’’ed, in 1891, that 
cultures of B. tetani groAvn at 20-22° C. AA'ere relatively nontoxic, that cultures 
groAATi at 37° 0. and detoxified by heating at 65° C. for tAventy minutes or by 
repeated Avashing could be injected into guinea pigs and I’abbits without produc- 
ing tetanus, that such organisms are phagocjded, both in vitro and in viAm, and 
tliat they may be reactivated by injections of lactic acid, trimethylamine, “Micro- 
bacilhis prodigiosus,” and other bacteria, A\dtli the production of typical s5Tnp- 
toms of tetanus ending in death. Althougli Sancliez-Toledo®’ Avas unable to con- 
firm these observations Avhich led to an amusing polemic Ai'itli Vaillard,®® the 
essential facts have been rechecked by many' observers. It seems probable that 
Sanchez-Toledo actually had impure cultures although he claimed that they 
Avere pure; Vaillard and Roiiget®® also showed, in 1892, that repeated changes 
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are necessary to remove all toxin by ■n-asliin'r and lliat excessive doses of either 
washed or heated cultui’es arc likely to cause such experiments to fail. 

Vincent,-^ in 1904, observed a case of so-called “idiopathic” or “spon- 
taneous” tetanus in a man who took a walk in the sun' on a hot day, in whom no 
site of infection could be ’determined, h^ollowing this, he was able to show that 
although frogs were insusceptible to tetanus at ordinary temperatures, they 
succumbed at, 25 to 30° G. and that dogs, rabbits, and guinea pigs inoculated 
with detoxified spores of B. tetani succumbed to tetanus under the influence of 
insolation, exposure to temperatures of 38 to 42° C., or injections of quminc, 
in some cases after thirty, forty, or even sixty days. Often, B. idnni could be 
demonstrated at the site of inoculation of the quinine, indicating that the bacilli 
which had been phagocyted had not been killed and were probably transported' 
by the mobile phagocytes to the site of the necrosis induced by the quinine. 
They were also found in the livers, spleens, bone marrows, and blood. 

Tarrozi^® showed that detoxified tetanus bacilli injected into rabbits could 
be reactivated by local injuries up to three and one-half months and could be 
recovered after death from the livers, spleens, kidneys, lungs, and bone marrows. 
Canfora-® observed that during the first few days after subcutaneous or intra- 
venous inoculation of rabbits with detoxified tetanus spores, the slightest wound 

■ would provoke an attack of tetanus and confirmed the presence of B. ietani in 
the livers, spleens, lungs, kidneys, and lymph glands, but the blood usually re- 
mained sterile. 

Reinhardt and Assim^' proved that these observations on animals were 
also applicable to man in 4 cases in which they recovered B. ielani from the 
livers, lungs, spleens, and in some instances fj’om the kidneys, blood, and lymph 

■ glands. 

The practical importance and relation of hypodei’mic injections of quinine 
tetanus were studied by Semple,®® Francis,®® Browning,®® Koser and IMc- 
' Clelland,®^ and Teale and Bach®® just prior to, during, and immediately after, 
World War I. What a fortunate thing it is in World War II, with fighting in 
the tropics causing the excessive exposure of our troops to heat and sun, the 
great hazard of malaria, and the consequent necessity of injections of quinine, 
that our soldier’s have the protection afforded by active immunization with 
tetanus toxoid ! 


THE OCCURRENCE OP B. TETANI IN WOUND.S 

With our modem understanding of the spreading habit of B. tetani upon 
solid media, in which B. tetani is as unique among the anaerobic bacteria as Bact. 
protens is among the aerobes, we now consider that B. tetani is the easiest an- 
aerobe to isolate in pur culture. Yet it has not ahvays been so. When isolation 
was attempted from deep agar, pure cultures ivere particularly hard to secure. 
These difficulties were emphasized by Frothingham,®® in 1894, and have been 
experienced by many investigators since then. 

Probably the first instance in which B. tetani -was recovered from a wound 
not resulting in tetanus was recorded by Bain,®^ in 1903. This was the ease of 
a girl, 13 years old, who on July 3, 1902, sustained a -wound in the hand from 
a blank cartridge. The ivound was excised within fifty-five minutes at Massa- 
chusetts General Hospital in Boston. The child received no tetanus antitoxin 
but the wound healed promptly and she remained Avell. The debrided tissues, 
toaether with wadding and burnt powder grains, were sent to the bacteriologie 
laboratoiy where a culture of B. tetani was recovered from an unspecified 
mixture of organisms. Since no fermentation tests except milk were recorded, 
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we cannot be sure that this culture was pure but it was morpliologieally cliarac- 
teristic and produced tetanus in mice and guinea pigs. Bain emphasized that 
“this case should furnish a strong argument'in favor of the early and complete 
incision of all wounds which from' clinical experience are likely to be followed 
by tetanus.” 

Robertson, studjdng the occurrence of B. tetani in war wounds, in 1917, 
made no attempt to isolate pure cultures, but organisms' morphologically re- 
sembling B. tetani were found in 64 out of 252 Avounds not developing tetanus. 
Of these, 60 cultures Avere tested on mice ; only 9 produced tetanus. As a con- 
trol upon these observations, specimens of pus from 45 cases of tetanus Avere 
studied. Eight of these failed to groAV anaerobically, AA'hile of 37 shoAving 
anaerobic groAAdh, only 29 shoAA'cd organisms morphologically resembling B. 
tetani, and of 23 cultures tested for toxicity only 12 produced tetanus. 

Weinberg and Seguin®® in the same year recorded that in spite of prophylac- 
tic inoculations of all Avounded men AAUth tetanus antitoxin, B. tetani could be 
I’ecovered from 9 per cent of them. As Sanford®' said in 1918, “Tetanus is the 
black beast that lurks in the shadoAA's for the couAmlescent Avounded soldiera. 
The maelstrom of the battlefield may be safely passed; the soldier rejoices in 
having received only a slight shell AAmund, and is invalided home for a fcAV weeks, 
but terrible indeed may be the end if that bit of shell has carried Avith it the 
spores of the anaerobic tetanus bacillus. ’ ’ ' 

Harde®® encountered B. tetani in tAVo AA'ounded men, neither of aa’Iioiu de- 
veloped tetanus. Upon deciding to look for it routinely he found that he Avas 
unable to demonsti’ate it in 30 cases either by direct inoculation of mice or by 
microscopic examination and animal inoculations of mixed cultures. These 
methods failed in his hands cA^en Avith frank cases of tetanus. ' The examination 
of 60 shell fragments extracted from wounds also gave negative results except in 
one instance. 

It Avas Wilson and Steer,®® Avho, in 1918, diseoA'ered that “B. tetani groAvs 
out from the main mass of the mixed groAvth as a verA- fine film Avith Avoolly mar- 
gins,” from which pure cultures could generally be picked on firat trial. They 
recoA^ered several pure cultures directly from Avounds in this manner. 

Adamson^® also experienced great difficulty at first in demonstrating B. 
tetani in Aimunds and cA'^en failed in 9 instances of frank tetanus but later utilized 
the spreading characteristic successfully. Although Tullocli*^ did not emphasize 
this point he Avas probably quite familiar AAuth it for he Avas able to demonstrate 
B. tetani in 21 out of 100 chronic umunds, as foUoAA's : 


7 to 30 days 8 cases 

32 to 64 days 5 cases 

100 to 138 days 4 cases 

305 days 1 case 

733 to 882 da 3 '^s 3 cases 


Pinallj’-, Pildes^® exploited the spreading habit of B. tetani to isolate 75 
ncAV strains, among AA'hich Avere 6 strains from 6 cases of tetanus, foIIoAA-ing 
which Ave I'Ceord a hiatus of fifteen j’ears Avithout further significant contribu- 
tions in this field. 

TET^ANUS IN WORLD AALAR II 

With the beginning of World War II the problem of tetanus i-ose again 
and in 1940. Ratlicke’® recorded the demonstration of B. tetani in 6 out of 140 
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wounds which he studied and emphasized again the necessity of using -tetanus 
antitoxin routinely as a prophylactic in all wounded men. 

But the conditions of this war .are different from those of World War I in 
two important respects. First, most of the soldiers have been actively im- 
munized with tetanus toxoid. Second, the local and systemic use of sulfonamide 
dinigs has been widespread among wounded soldiers. 

In France, where tetanus “anatoxin” or toxoid was first developed, almost 
all of the hoi’ses and soldiers were immunized and Firor'*^ wrote, in 1942, that , 
among 16,000 wounded men only one immunized man is Imown to have devcloiied 
tetanus and he had a light case, nalford,''^ writing of the treacherous disaster at 
Pearl Harbor, recorded that almost all of the Naval and Military pei’sonnel who 
were wounded had already been immunized with tetanus toxoid and received a 
booster dose afterward. Although the normal incidence of tetanus in Hawaiians 
was about 5.7 per 100,000 annually, iro tetanus developed in the Pearl Harbor 
grorrp. Whether the copioirs use of sulfanilamide contributed to this remarkable 
fact is quite uncertain, brrt Welch, Slocum, and Herwich'*® showed experimentally 
that sulfanilamide introduced along with massive doses of tetanus spores into 
deep pockets of skiir failed to prevent the development of tetanus sixty-five to 
seventy days later in 4 out of 20 grrinea pigs. Interestingly -enough, the 16 
animals receiving smaller doses of spores and not developing tetanus failed to 
do so even rvhen the}' were subjected to crushing injuries, or injected with cul- 
tures of staphylococcus or a mixture of kaolin and calcium chloride. 

Boyd and IMacLennan'*" recorded 5 cases of tetanus, 3 of them fatal, in 
soldiers immunized with two doses of toxoid, indicating that “the immunity 
afforded by inoculation vdth tetanus toxoid has its ceiling.” One of the fatal ' 
cases had showm little or no immunologic response and these authors emphasized 
the value of thi-ee inoculations. The other two fatal cases were attributed to 
ovenvhelming infections resulting from inadequate debridement of the wounds, 
indicating the essential role of adequate surgeiy in the proplydaxis of tetanus. 
Norman^® described a case of tetanus in a soldier who had received two doses 
of tetanus toxoid. Eeeoveiy occurred after the administration of 200,000 units 
of antitoxin. The use of three doses of toxoid is said now to be customary in 
the British Army. 

In the United States Army, according to Long,^“ where the use of three 
inoculations of tetanus toxoid has been practiced since 1941, no cases of tetanus 
have been reported in immunized individuals, but it would be unsafe tq_ predict 
that cases of delayed tetanus may not .still appear among the Avounded per- 
sonnel. 

Keturning now to the problem of tetanus in civilian populations, we find 
a different situation because active immunization against tetanus in civilians 
has been practiced only to a very limited extent. Smith,®® in 1942, recorded 7 
cases of tetanus in a sector of London during the first tAvo years of the Avar. AH 
the patients Avere civilians except one, a soldier Avho had not been imunized. 
There Avas one case of delayed tetanus, three and one-half montlis after 3,000 
units of antitoxin. Smith suggested that the question of Immunizing Hie 
civilian population should be discussed, but so far as I Icnow, the general im- 
munization of cmlians in London or any other city has not been undertaken. 


SUMMARY 

Eleven cases of civil wounds out of a total of 2,493 in Avhich debrided tissues 
-ere studied yielded B. tetani. Five of these wounds involved 
ares, 5 involved lacerations, and 1 was caused by a burn. Up to the pre 
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time none of llicin has developed letanvis. One case of tetanus developed fol- 
lowing a burn in w'hich B. teUmi was not recovered from the debrided tissues. 

I believe that, generally speaking, the baetcriologic examination of tissues 
debrided from fresh wounds can rarely if ever yield any information in time to 
he of practical value to the surgeon, that surgical procedures in any given case 
must of necessity be based upon general knowledge and empirical considera- 
tions, that the veiy earliest intimation of infection should be followed at onc6 
by competent and judicious microscopic examinations upon which intelligent 
surgical procedures may be based, and that cultures should then be made for 
confirmation and extension of existing knowledge. 

The occasional delayed development of tetanus suggests that if the exam- 
ination of d6brided tissues is ever justified tlie search should especially be di- 
directed to B. tetani in order that patients in -whom this organism occurs may 
be either actively immunized with tetanus toxoid or passively immunized with 
antitoxin in the event of a new surgical emergency. But the real practical value 
of even this type of examination must be considered at tlie present time to rest 
largely upon theoretical considerations. 

The problems of delayed or idiopathic tetanus, the occurrence of B. ietmii' 
in wounds, and tetanus in World War II are reviewed. 
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GYNECOJIASTIA 

II. A Report of Five Additional Cases 

lilAJOR Elmer F. Gooel, jVIedical Corps, Army op the United States 

I N A recent publication^ I discussed certain aspects of a tj-pe of male breast 
enlargement classed as gimecomastia. Seven cases were reported and dis- 
cussed and several conclusions were draivn from study of this series. Among 
them are: (1) The enlarged breast causes discomfort; (2) other pathologic 
changes such as mastitis and neoplasm may be present, adding significance to 
the disease process and to the treatment; (3) prompt relief from 
lasting cure are obtained through complete mastectomy which may be no 
satisfactorily through a transverse, infra-areolar incision. 

ReceiveO for puWlcation. March 6. 1946. 
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- Five additional patients have been observed and treated. The results 'of 
study and treatment are in accord with those obtained from the fii’st seven eases, 
and are offered now in supplement to the conclusions of the original series. 

In all, twelve patients with gynecomastia have now been observed tinder 
similar circumstances. All complained of soreness or tenderness from pressure. 
In spite of the resemblance of the breast in gynecomastia to the pubertal female 
breast, the similarity apparently ends in its gross appearance. This is not simply 
an issue of masculine consciousness of an enlarged breast (though this point is 
not nuthout significance), but it is also a matter of discomfort; the uniformity 
of complaint leaves no doubt that this disease is symptomatogenic. Most of these 
patients were referred for treatment with diagnoses such as neoplasm, adenoma, 
swelling of breast of unknown origin, hematoma, and, simply, soreness of 
breast. 

Table I. Summary of Five Additional Cases of Gynecomastia 
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Two eases in the present series deserve special comment. Patient 8 reported 
because of worry as much as because of discomfort. Pour years previously 
his left breast had been excised, together with the nipple, because of a preop- 
erative diagnosis of cancer. The size of the breast and the symptoms reported 
as having been present then were matched by those presented currently. A 
preoperative diagnosis of gjmecomastia of the right breast was made, and the 
right breast was excised. The breast exhibited the typical gross and microscopic 
characteristics of this disease. It is not too surprising that a radical operation 
was done on the left breast for what was supposed to have been a benign con- 
dition, for those who have not seen many cases of gynecomastia, and who have 
not recognized the occasional case, may think first of malignancy. Pig. 1 il- 
lustrates the nonmutilating incision on the right side, as employed in this en- 
tire series; it is to be compared with the radical incision used to remove the 
left breast. This patient’s happy subjective postoperative reaction is reitera- 
tion of the conclusion that complete excision of the breast, through the illus- 
trated infra-areolar incision, yields a very satisfactory result. 

Case 10 was interesting. The patient was a 28-year-old white soldier who 
had complained of soreness in the left breast for one year*. He had been hos- 
pitalized once for twenty-one days and for seven days on another occasion, and 
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had been treated with hot packs at tliese times. Symptomatic improvement 
occurred during hospitalization. There was prompt relapse, however, and the 
soldier reported several additional times on sick call. Enlargement of both 
breasts was found on examination, although there was no complaint referable 
to the right breast. There probably was some endocrine disturbance, for there 
was a historj’- of mumps and orchitis in early childhood. The testicles were small 
and there were stigmas of feminization, such as lack of hair on the chest, sparse 
hair on the face, and a female escutcheon. Additional emdence is offered by the 
fact of bilateral breast involvement, even though it did not occur until this 
comparatively late age. However, in other respects there Avas no dcAuation from 
the masculine pattern and the patient reported normal libido and satisfactory 
sexual activity. Although only the left breast Avas sjmptomatic, both breasts 



Fiff. 1. — Patient 8 one month after right mastectomy . left mastectomy four years pieviously 


presented the histologic picture typical of gynecomastia. The left side, in ad- 
dition, exhibited moderately edematous stroma and slight epithelial hyperplasia 
of the duets. This patient Avas very grateful for the relief afforded him by 
masteetomj’'. He Avas so much improved that no doubt need exist that the sev- 
eral conservative measures employed in treating him during the previous year 
caused loss of time and created dissatisfaction. 

CONCLUSIONS OF PRESENT SERIES OP FIVE CASES 

1. Gynecomastia may be unilateral or bilateral. It is a disease of uuknoAvn 
origin Avhich may be confused clinically Avith several other diseases of the breast 

2. Prompt relief of symptoms and permanent cure Avere obtained through 
complete mastectomy, as in the original series of seven cases. 

3 The infra-areolar, transverse incision permitted complete excision of 
the breast, and is considered veiy satisfactory from the cosmetic viewpoint also 
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4. The hasie histologic picture in these five cases resembled that of the first 
seven cases : there "were scattered ducts lying in poorly cellular collagenous con- 
nective tissue. The duets were lined by one to three layers of columnar epithe- 
lium. Slight round-cell infiltration of the periductal stroma was seen in a’ few 
instances. 

COaiSIENT ON THE SERIES OF TWELVE CASES 

Although the enlarged breast of gynecomastia has been referred to as 
homologous with virginal hypertrophy of the female breast, no symptoms com- 
parable to those presented by tlie soldier with gynecomastia are observed in the 
female whose breast is undergoing pubertal enlargement. Nor, if conclusions 
are to be drawn from this series, am pathologic changes of similar quality and 
frequency to be seen in the prepubertal or pubertal female breast. In this series, 
five breasts presented pathologic change' of .significance in addition to gyneco- 
mastia. This is out of proportion to the incidence of pathologic change in the 
female breast at any age, and particularly at the age in wdiich the breast is at a 
stage of development similar to that of the breast of gynecomastia. 

These superimposed features represented inflammation, irritation, and pre- 
malignancy. The finding of an intraductal papilloma Avith metaplasia is signifi- 
cant. Boyd states “there appears to be a definite relation between duct papil- 
loma and duct carcinoma.” It is to be doulited that conser\mtive therapy of any 
type would suffice in such an instance or in instances such as those found in 
Cases 10 or 4,^ where the relief by excision was dramatic after two years of dis- 
comfort. The high incidence of pathologic change in the breast of underlying 
gjniecomastia and the universal symptomatology are, therefore, strong factors 
in distinguishing gynecomastia as a disease requiring specific treatment. 
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A CASE EEPORT OP BILATERAL ARTERIOVENOUS ANEURYSMS 
OP THE POSTERIOR TIBIAL ARTERIES 

With an Interesting Observation Concerning the Effect op Vasodilatation 
Major J,oseph R. Plank, Medical Corps, Army op the United States 

f 1 P TO the present time, bilateral arteriovenous aneurysms occurring siraul- 
taneously in a patient haim seldom, if ever, been reported. Aside from the 
rarity of- the condition the management of such cases is no different than that 
of those cases in which only one arteriovenous aneurj'sm is present. However, 
it IS Avell to re-emphasize that arteriovenous aneurysms are not infrequent in 
men receiving war injuries, especially certain types of injurj'. In general, 
grenades, mortars, and similar kinds of shells on exploding produce, literally 
speaking, showers of fragments both large and small, so that it is not -infre- 
quent for a soldier being in the close vicinity 'of such an exploding shell to have 
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seoi’cs of small fragments penetrate the body. X-ray examinations of some such 
patients resemble those of patients wlio have received a concentrated load of 
bnckshot, except that the fragments vain- in .size. 

It is obviously both impossible and impractical in such cases to remove all 
the foi-eign bodies unless there is some specific rea.son for so doing, as for in- 
stance, infection or irritation to some stractui’c in the region of tlie imbedded 
foreign body. 

In those instances in whicli blood vessels aj’e in.iured, it is quite often im- 
possible to knom definitely in the beginning wJieJher or not the vessel has been 
injured unless a hematoma large enougli to palpate develops suddenh’’ or a 
pulsating hematoma appears. In other instances, segmental arterial spasm may 
develop, and, if a ve.ssel of sufficient caliber is injured, this condition can be 
recognized clinically mithont having special diagnostic equipment, as an oscillom- 
etei’, arteriography, or other special method or examination. 

The time intei’val that may exist between the time of injnrj’^ and the onset 
of the development of the arteriovenous anciuysm may varj' widely between 
days and months or in some cases even longer. No definite rule can he made 
relative to the time clasping betw'eon the time of injuiy and the development of 
the fistula, nor to the size of the fistula. How’ever, there are definite means h.v 
which one can and should evaluate the fistula or fistulas in each individual case 
and it is by employing the collected data in each ease and evaluating properly 
that one can arrive at a correct method for handling the case. 

The e%'aluation Of the signs and symptoms of arteriovenous aneurysms has 
been enumerated and emphasized many times b}- E. hlatas, Slont Beid, B. 
Holman, and man}' otliere. Reid and Andrews'^ devised the following outline 
for evaluating arteriovenous aneuiy.snis and it takes into consideration all of 
the most important points. 


1. Effect on the collateral circulation 

2. Effect on the involved vessels 

3. Effect on the heart 

4. Effect on the blood pressure 

5. Effect on the circulatorj'^ balance 

6. Effect on the nutrition of the part bejmnd 


In those eases in which the smaller distal arteries are involved as the 
anterior and posterior tibials and also the radial and ulnar arteries in which 
smaller fistulas are present, there will be no discernible clinical changes in the 
size of the heart, nor changes in the blood pressure or the pulse rate following 
occlusion of the fistula, and no effect on the circulatory balance. However, there 
may be changes in the nutrition of the part distal to the fistula. These chang^ 
may be very minimal and the most noteworthy sign may be only a greater promi- 
nence of the veins on the affected side than on the uninvolved side. There is one 
other symptom that these patients may complain of and that is intermitten 
changes of a functional nature in the nerve distal to the fistula and in tJie 
vicinity of the involved vessels; usnaUy it is described as a hyperesthesia 
the site of the fistula. The question may arise in such instances as to 
not the nerve wee injured at the time oE the original tajnry. H 


case, the signs of nerve injury 


would not be of such an intermittent character. 


There are, as has been repeatedly emphasized by many i^^^estigatoK, t 
ovtmr. that one may follow in the management of such cases ot sma 
on^e ie operative, and the other reet and oheervahoa. 
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In the instances in which it has been detemined that only a very small distal 
fistula is present, there is certainly no ham in observing the patient for some 
time with the expectation that it may close spontaneously.' However, the thrill 
that is present over the fistula and transmitted along the 'veins may be a source 
of worry and of annoyance to the patient. In such instances, and in those cases 
in which a compensation element is involved, it is probably much better to have 
surgery performed presently than to wait an indefinite period of time. Surgery 
should always be postponed until adequate collateral .circulation is present. In 
those cases in which there are definite signs of impaired nutrition to the part 
distal to the fistula or in which S3>’stcmic effects arc present, there is no question 
but that surgery should be perfomied when adequate eollatei’al circulation is 
present. 

6age=> 2 has demonstrated and reported the effectiveness of sympathetic 
block as a preoperative measui*e in the surgical treatment o£ aneurysms of the 
peripheral arteries. 

■ DeBakey^’ “ has described one ease of arteriovenous aneurysm between the 
internal carotid and cavernous sinus in which cervicodoi’sal sjunpathectomy pro- 
duced a cessation of symptoms. . 

' In this regard the effects of sympathetic interruption on the case of arterio- 
venous aneurysm to be reported here should be of interest. It is my opinion that 
besides the beneficial effects which this procedure produces on collateral circula- 
tion, it may be of some value in arteriovenous fistulas in determining the size 
of the fistula. Either spinal anesthesia or liunbar sympathetic ganglion block 
produces vasodilatation of the lower extremity vessels, and with the consequent 
decrease of peripheral resistance the thrill and bruit ^vill disappear in those 
cases of small arteriovenous fistulas. In the case to be reported, this was re- 
peated twice, as it was believed that the fistula may have closed spontaneously’- 
the first time. If the fistula is large enough it would obviously not disappear 
with removal of vasomotor tonus and, thus, decreasing of peripheral resistance. 
There may bo some other explanation for the disappearance of the signs of the 
fistula than the one given. 

'CASE REPORT 

A 24-year-old -white infantry otScer was wounded in action, March 19, 1944, at which 
time he sustained multiple soft tissue -^vounds to both legs due to mortar shell fragment. 
The wounds were surgically cleansed and -n cast was applied to the left leg because of some 
loss of soft tissue over the gastrocnemius; there was also an injury to the left superficial 
peroneal nerve. He was admitted to this hospital April 14, 1944. One week after the patient 
entered the diospilal, the cast was removed and the soft tissue wounds were all found healed. 
One week later it was found that there was a definite thrill present at about the level of the 
middle and lower third of the left posterior tibial artery. The murmur could be heard over 
the veins of the leg and tliigh. Because of the similar multiple wounds over the right leg, 
it -ttas examined very carefully and no fistula could be found. However, because of the sud- 
denness of the development of the fistula of the left leg, the right leg was examined each 
day. On the sixth day after the development of the fistula of the left leg, definite signs of a 
fistula nere found in the right leg. It was situated at the level of the middle and lower third 
of the right posterior tibial artery. Pressure dressings and bed rest were prescribed for the 
patient. At this point the patient encouraged his friends who could walk to feel his legs; 
the doctors were likewise interested. Even when both fistulas were occluded there was no 
change in his pulse rate. During the period of observation there were never any e-vidences 
of systemic effect nor of any changes in nufrition to the parts distal to the fistulas. Previous 
to the operation it was definitely determined by complete obliteration of the pulses in the 
region of the fistulas that there was adequate collateral circulation. 

Tho artcrio\.enous fistula on the left side was operated upon May 24, 1944, and a 
fistula was found near the middle and upper third of tho posterior tibial arteiy. Imbedded 
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in. tho muscle about 1 cm. from tlic fistula, a small metallic fragment was found. The fistula 
was about 5 mm. long and the lumen about 1 mm. in diameter, extending in an oblique direc- 
tion between the artery and the vein. There was no evidence of injury to the nerve in this 
region. There was little scar tissue here and the fistula was ligated doubly, immediately ad- 
jacent to both the artery and the vein, with 000 silk and excised between the ligatures. It 
is recognized that there arc other .surgical procedures that in all c'ase.s, generally speaking, 
are superior to the method used in this case, as for oxjimplc quadruple ligation and excision, 
yet it was felt that in this particular case the procedure employed was adequate. No evidence 
of recurrence developed. 

Tho arteriovenous fistula on the right side was operated upon June 22, 1944. All signs 
of the fistula disappeared after the induction of the spinal anesthetic and in this instance 
tho fistula could not be found. It was felt because the physical signs were much less pro- 
nounced on this side, that an extensive dissection to find it would not be justifiable in such 
a small fistula as was presumed to bo present. At the time the patient was discharged from 
this hospital the thrill and continuous machinelikc murmur were present. 

CONCLUSIONS 

1. A case of bilateral arteriovenous fistula of the right and left posterior 

tibial ai’teries is presenied. ^ 

2. Attention is directed to their probable more frequent occurrence in pa- 
tients sustaining multiple small wounds from mortar and grenade fragments 
than from those caused by larger missiles. 

3. Attention is also directed to the possible value of determining the size, 
whether large or small, of a fistula in a teminal or distal vessel by instituting 
spinal anesthesia or lumbar sjnnpathetic paravertebral shock, obliterating vaso- 
motor tonus, and decreasing peripheral resistance. 
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AN BIPROVBD IMBTHOD OF CIRCUjMCISION 
Use of Rel,vx.4tion Incisions, Cotton Ligatures and Sutures 
Major Isadore Gersh, jMedicau Corps, Army of the United States 

(From The Station Hospital, Fort Sill, Oklahoma, Vrologic Section of The Surgical Service) 

A lthough circumcision has been performed since the days of antiquifJ 
and there are now a number of accepted methods, any improvement m 
technique should he worth while. I have performed more than 600 circumcision 
at an Army station hospital during a four-year period (1941 to 1945). 1 ^ 
patients were soldiers who had severe phimosis and its complications, such a 
acute and chronic balanoposthitis or condyloma acuminata. Various met o 
of circumcision which have been described in the literature have been m • 
The procedure which is now followed at this hospital involves the use of rela- 
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tion incisions, cotton ligatures, and cotton sutures. 'I'liis technique has given 
uniformly more satisfactoiy results than the other procedures which were previ- 
ously employed. Postoperative swelling, pain, and discomfort are diminished, 
and healing is hastened. 

PROCEDURE 

The following routine is employed. The patient is admitted to the 
urologie ward. He shaves the external genitalia and batlies, paying particular 
attention to cleansing of the genitals. If the prepuce cannot be retracted, the 

A. B. 



c. 


D. 


. _ ^ — .4, Showing V-shaped notches in cut edges of skin, when skin sutures are placed. 

^ approximated to A\ B, Sterile petrolatum gauze dressing has been applied, and the 

proteciue gauze apron” is being placed m position. C, Dressing completed. D, Appearance 
on rourth postoperative day before ^emo^al of skin sutures. 


preputial sac is irrigated with a 1 :5,000 solution of potassium permanganate by 
the ward attendant. The patient is pennitted to have a light breakfast, and is 
given sodiiim amytal, 0.194 Gni. (3 gi’.), one hour prior to operation. 
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An Outline of Tropical Medicine, By OUo Sapliir, Jf.D. Chicago, J044, The Sticiiael Reese 

Research Foundation. 

This small volume is the first publication by the ^lichael Reese Research Foundation for 
the Michael Reese Hospital of Chicago, In the introduction the author states, “This outline 
summarizes the barest essentials of the more important diseases .encountered in the study of 
Tropical Medicine. It is neither a textbook nor a handbook. It is in no respect a complete 
treatise, but merely an outline in the strictest sense of the word. It perhaps can be described 
best as an extended vocabulary of Tropical Medicine.-’’ The reviewer agrees with this state- 
ment of the purpose of the^volume. Significant tropical diseases are concisely described, 
particularly from the clinical point of view. References to more extended discussions of the 
diseases are appended to each chapter. The text is well indc.xcd. For the average clinician, 
more comprehensive information will be necessary than is to be found in Saphir’s book. It is 
difficult to ascertain for whom this outline has been prepared. 


The Urinary Tract. A Handbook of Roentgen Diagnosis. By H. Dabney Kerr, M.D., and 
Carl L. Gillies, M.D., Ciiicago, 1044, The Year Book Publishers, Inc. 


This small handbook is most compact and may well be the best book on the urinary 
tract from a roentgenologic standpoint. The material used in the preparation of the book 
has been obtained entirely from the records of the University Hospital of Iowa and the 
authors have examined and verified all the cases themselves. Consequently the book repre- 
sents the experience and judgment of the authors and is not a review of the literature. 


Practically every other page in the book is filled rvith reproductions of radiographs, 
the opposite page containing the description of the vieivs. This makes for very easy read- 
ing of the text and readj' reference to the roentgenogram being described. The authors 
did all the photographic work themselves, wliich probably accounts in part for the excellent 
reproductions. Because there arc so many variations in abnormal as well as normal con- 
ditions, many examples of each condition are included. 

The text begins with a brief discussion on preparation for urographic examinations in 
which the authors state that no routine preparation is used for most of their examinabons. 

The section on kidneys includes a good selection of normal pyelograms, chiefly retro- 
grade studies, because^ the author-s feel that anatomy can be better demonstrated by this 
method than by intravenous pyelograms. There is a fine discussion on pyelorenal backflow, 
congenital anomalies, and movable kidneys with excellent illustrations. Urinary stones are 
then discussed with illustrations of all the other calcifications wliich might be confusing. A 
relatively new entity known as calycine diverticulum is described and amply illustrated. This 
is followed by a long series of illustrations of all types of infections including formations of 
gas in urinary tract ivith infections. The final kidney section takes up tumors. At least 
one-third of the tumors show calcification. They feel retrograde studies are the best for the 
demonstration of tumors and also feel that distortion of the kidney outline is of pruo® 
importance. 

The ureter is taken up in the second section of the book, which deals primarily ua 
ureteral stones, but has good illustrations of anomalies, ureterectasis, and tuberculosis. There 
is no mention of ureteritis cj-stica and no illustrations of the deformity.- of the bladder occa 
sionally seen around the ureteral orifice associated with a ureteral stone as it passes thro g 


the distal end of the ureter. _ ^ 

The third section of the book is concerned with the bladder. This is a ““La 
section with many excellent illustrations. Some unusual things are described and iltot ^ 
such as an inguinal hernia containing the bladder, cystitis emphysematosa. 
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divertifeuluiu, and bladder tumors resulting from implants of kidney tumors. The authors also 
state that the bony deformities of the pelvis commonly associated with extrophy of the blad- 
der may also be present with epispadius and bifurcation of the clitoris. They feel air cysto- 
grams are better for showing most bladder tumors and bladder stones which are very 
often uric acid stones. 

The last section of the book takes up the urethra. It is a surprise to find that this 
is the second largest part of the book. The average radiologist and urologist places 
little emphasis on this part of the urinary tract from a roentgenographic standpoint. An 
e.xcellent method of cysto-urethrography has been developed by Dr. Eubin H. Flocks, a 
urologist at the University of Iowa, and this is described in detail. Using this method 
the urologists apparently study a large percentage of their oases of prostatic hyper- 
trophy. In the book the discussions and illustrations of prostate enlargement occupj" more 
space than any other entity. The individual lobes of the prostate are visualized and it is ' 
possible to determine which lobes are enlarged. Many times carcinoma of the prostate 
produces a characteristic picture. This is also true of the neurogenic bladder. Most of 
this section is devoted to the posterior urethra, but there is also a short portion on the 
anterior urethra with a discussion of the differentiation of gonorrheal urethritis and ' 
strictures from traumatic strictures. 

The book is enthusiastically recommended. 


Operatibns tif General Surgery. By Thomas G. Orr, M.D., Professor of Surgery, University 

of jpiansas School of Medicine. Pp. 723. Kansas City, Kan., 1944. W. B. Saunders 

Company. 

This text on the technique of operations 'of general surgery by one of Americans well 
known surgeons is well done. Orr has succeeded in compressing into a single volume the 
technical procedures of a large broad field commonly referred to as general surgery — a province 
upon which the surgical specialists have made rather serious inroads. It is quite a feat in 
itself for a surgeon today who essays to do general surgery to write a text which embraces a 
good portion of all of operative surgery. There was a time, and not so long ago, that a single 
author text on operative surgery was not unusual. In more recent years,- however, surgeons 
have concerned themselves more with attempts at achieving mastery in a single field rather 
than in naany fields. In consequence, surgeons have found it necessary to acquaint themselves 
with a number of items relating to the field, which might be regarded as essentially non- 
surgical. This more ruminative attitude of the surgeon toward his work has improved the 
character of the surgery in fields where this practice is commonplace. Overspecialization, 
however, can lead to sterility just as certainly as studied efforts to achieve a uniform ver- 
satility in all fields. There is undoubtedly a middle ground for the surgeon in liis work. The 
very breadth of surgery suggests, liowever, that this book by a distinguished American surgeon 
perhaps is one of the last of its line. In other words, the multiple-author technique of dealing 
with many subjects, in the main, has come to supplant tlie treatment of a large number of re- 
lated subjects by a single author. 


Structure and Function as Seen in the Foot. By Frederic Wood Jones, D.Sc., P.E.S., 
F.B.C.S. Baltimore, 1944, Williams & Wilkins Company-. S7.S0. 

Wood Jones has given to us one of the most readable books on the anatomy of the foot 
that the reviewer has been privileged to peruse. He has discussed, both from tlie anatomic 
and from the anthropologic aspect, the importance of the foot to man’s locomotor mechanism. 
The author’s extremely interesting style of writing has made the review of this book very 
easy and thought provoking. i 

Tlie statement that the distinct design of the foot separates man from all other form.s 
of vertebrate life as much as anv organ of the body, may give rise to much controversy of 
opinion. Hon ever, the reviewer feels that Wood Jones has presented enough evidence in his 
book to substantiate tills remark. 

Tlie autlior enipliasircs that llie human foot has ciianged remarkably in if.s development 
from that of a grasping organ to that of a weight-bearing organ, wliile the human hand. 
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wliich ahvaj's has been a grasping organ, has remained so but lias been more liiglil3- developed. 
This is a concept that most anatomists have not presented before. 

The author’s discussion of muscle action is most interesting. In comparing the action 
of muscles in the forearm and in tlie foot, the author states that in the forearm the muscle 
origins, which are located proxiraall.v, .serve as fixed points from which the movements of the 
digits in the hands are elfected. However, in the lower extremitj- the tendinous insertions 
upon the distal bonj- segments servo ns li.\-ed point.s from which muscle action is enabled to 
control posture and movements of bodv weight. , i 

Wood Jones has covered the make-up of the foot from the skin do^vn to the bone and 
he has given a ver.v comprehensive discus.sion on all the structures of the foot. The morphology 
of the foot is discussed at .‘iome length. 

In conclu.sion, tho author has not discussed the phj-siology of the foot function to any 
extent. With .such a lino comprehensive review of the anatomy of the foot and its structures, 
a thorough discussion of the function and iihy.siology of the foot would add to the interest 
of the book. 

The volume is highly recommended to all men interested in the anatomy of the foot and 
especially to the orthopedist, ns it will give him a new insight and concept of the function 
of the foot. 


Shoulder Lesions. By H. P. Moseley, ir.D., Springfield, 111., 1945, Charles C Thomas. 

This 180 page book is further evidence that the complex mechanism of the shoulder is 
gradually becoming better understood. Moseley shows that e\’en thi.<i intricate member can 
be reduced to straightforward pathology and phy.siology. Each chapter is followed by a 
bibliography. Illustrations arc graphic. 

Twelve pages are devoted to functional anatomy. Tho Examination is discussed in four 
pages. A chapter on Eupture of the Eotator Cuff is most valuable. The identity of this 
group of injuries has boon confused and misunderstood for too long. The other lesions, in- 
cluding bicipital syndromes, arc also analyzed from the standpoint of pathology, diagnosis, 
and treatment. Francis L. McNaughton contributes the chapter on Neurological Aspects of 
Shoulder Pain. X-ray Dingno.sis and Treatment is reviewed by Joan Bouchard and C. B. 
Peirce. 

Indicative of the thorougliness with which the subject is handled are discussions of 
surgical approach and technique and of re-education programs for shoulder function. Twenty- 
two pages are given to case records. Tho subject is yet far from exhausted. Perhaps Moseley 
will see fit to add subsequent editions ns new information comes to light. Tlie book should be 
a part of every medical library. 
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A REVIEW OP PATIENTS WITH INTRATHORACIC DISEASE AND 
INJURY TREATED ON THE SURGICAL SERVICE OF A UNITED 
STATES ARMY GENERAL HOSPITAL IN NORTH AFRICA 

LiEtJTENANT Colonel John R. Paine, and Major Arthur G. Plankers, 
Medical Corps, United States Army 

introduction 

T his report deals with 81 patients admitted to the Chest Division of the 
Surgical Service of a United States Army General Hospital during the 
period of its operation in North Africa during the spring, summer, and fall in 
1943. This hospital’s installations were all in Nissen huts and tents. Until the 
end of the Tunisian Campaign it was the most forward of any of the American 
general hospitals in North Africa. Due to its forward location and the recurring 
need for a large number of available beds to care for the casualties resulting 
from the bitter fighting of the last weeks of the war in Africa, it was impossible 
to keep some patients for periods longer than three weeks. The same thing was 
true, but to a lesser extent, at the time of the invasion of Sicily. Even at the 
busiest periods, however, the hospital was not called upon to give primaiy 
surgical treatment to any battle casualites except in a few isolated instances. 

Only those patients "with intrathoracic disease or injuries involving the 
thoracic cavity are considered in this report. Wounds involving the thoracic 
wall alone have been excluded since such wounds present no special problems 
not found in other wounds. Neither have patients with fractured ribs unasso- 
ciated with intrathoracic complications been included. Many of the 81 patients 
had other wounds hut these wounds did not appear to affect the course of the 
intrathoracic injuries, and for the purposes of this report have been neglected. 

miscellaneous cases 

The 5 miscellaneous cases represented pathologic processes such as may be 
encountered in any general hospital in civil life. 

One soldier presented a far-advanced fibrosarcoma of the chest waU which 
appeared to have followed an injury during training in the air-borne infantry. 

lopsy of the tumor and aspiration of the chest to relieve dyspnea were -the onlv 
procedures indicated. 

Another patient was admitted ^vith empyema of the right pleural cavity 
seconda ry- to subphrenic abscess following a ruptured appendix. At the time 
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TabIvE I. Classification of Patients With Intbatiiof.acig Injuiues of. Pathology 


Cases of a miscellaneous character ' a 

Cases of nonpenotrating injuries 10 

Cases of penetrating nrounds 66 

__ — 


of liis admittance, the subjihrenie abscess bad been drained anteriorly, Eib re- 
section and open drainage gave satisfactory immediate results. 

Two patients with mediastinal tumors were seen. One of these tumors was 
thought to be a mass of partially calcified lymph nodes and was not operated 
upon. The second was operated upon and a teratoid tumor, approximately 10 
cm. in diametei’, was removed with considerable difficulty. During the closure 
of the thoracic wall a fatal hemorrliagc occurred from the aorta at a point where 
the tumor had been closely adherent. The remaining 4 patients in this group 
were returned to the United States for further treatment. 


GASES or XOXPE^rETRA-TIKG INJURY 

Ten patients with nonpenetrating injuries of the thoracic cavity were en- 
countered. Seven of these injuries were due to motor vehicle accidents and 3 
Avere battle casualties. These patients were all treated initially at other hos- 
pitals and transferred to us during the early part of their convalescence. 
Other injuries present besides the chest injuries included lacerations, contusions, 
and cerebral concussion. Two patients wdth blast injuries from bomb explosions 
had large pneumothoraces. One of these pneumothoraces was of the tension 
type and necessitated continuous aspiration of the pleural cavity for eight hours 
at an evacuation hospital. Fractured ribs were present in all these 10 patients 
and in 4 instances rilis on both sides Avei-e involved. Hemothorax, pneumo- 
thorax, and subcutaneous emphysema wore seen singly or in various combina- 
tions in all these cases. 

Treatment at our hospital consisted only of strapping of the chest uutb ad- 
hesive tape when necessarj^ to give comfort, and aspiration of the intrapleural 
blood and air when present in any but minimal amounts. One exception to 
this was a soldier who developed an empyema necessitating closed drainage. 

None of the patients in this group died. Two were returned to duty sixty 
and sixty-two days, respectively, after injurJ^ Tlie remainder was evacuated 
to general hospitals further back or directly to the United States to complete 
their convalescence. 


CAlSES of penetrating injuries of the chest 
Sixty-six patients were seen who had penetrating wounds of the thoracic 
cavity These were all battle casualties, with three exceptions. A «>rpor 
(Cas*e 11, Table V) was injured during battle training when a mortar shea 
iort A shell fragment penetrated through the right pleural cavity and lodged 
in the mmelce beneath the right scapula, Thfe patient was operated up 
Lacerations in the superior rena cava and right tang were ^»tare« ^ 
quantity of blood removed from the right ““^‘TablflV) was stabbed 

was returned to the patient by vein. Aprivate (Case 12, Table I ^ 

bv another soldier dtiring the course of an urs”™™*- A hen ^ „ 

TaWe V) was accidentally stabbed during a volleyball game by the Im 
Mow player who had neglected to remove it from his belt. 
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Table n. Patients in Whom Injury Was Not Confined to the Tiiouvcic Cavity 


...fi — - ■ 

injury 

NO. OP PATIENTS 

Lung and diaphragm 

2 

Liver and diaphragm 


Lung, liver, and diaphragm 

2 

Total ; ' 1 

G 


T his large group of patients from the standpoint of surgical therapy falls 
naturally into three classes as follows : 

1. Patients treated without primary surgery other than debridement and 
without subsequent aspiration of the pleural cavity, 15. 

2. Patients treated ■without primarj’- surgery other than debridement and 
with subsequent aspiration of the pleural eavitjq 33. 

3. Patients treated with primary major surgery, IS. 

In a somewhat rough manner this classification ■ also di'vides the patients 
according to the severity of their injuries. Tliere are, however, some exceptions. 
The large majority of patients with penetrating wounds of the thoracic eavit.v 
had had the Avound of the chest M'all debrided in tlie forward hospitals. In a 
few instances in which the wounds were small and the resulting injury minimal, 
no debridement at all had been done. No debridements wei’e perfoi’med at our 
hospital in any of the chest eases except in the instance of case 11, Table V, 
mentioned previously. No Avounds Avere of the sucking variety Avhen seen at 
our hospital, although many AA^ere noted on the field medical record as being 

Table III. Patients With Penetrating Injuries op the Thorax Treated Without 
Prijiary Surgery Other Than Superficial DfisRiDEiiENT and "Without Subsequent 
Aspiration op the Pleural Caatty 


case 

1 

2 

3 


CAUSE OP INJURY 

TYPE OP INJURY 

RETAINED 

FOREIGN 

BODY 

Shell fragment 

Laceration of lung, hemo- 
thorax, fractured rib, left 

Xo 

Mortar shell frag- 
ment 

Laceration of lung , 

Yes 

Shell fragment 

Laceration of lung 

Yes 


4 Machine gun bullet 
o Bomb fragments 

G Mortar shell frag 

ments 

7 Shell fragment 

8 Shell fragment 

9 Mortar shell frag- 

ments 

10 Rifle bullet 


11 Mortar shell frag- 

ment 

12 Rifle bullet 

13 Shell fragments 


Laceration of lung 

Laceration of lung, hemo- 
fliorax 

Laceration of lung, pneumo 
thorax 

Laceration of lung 

Laceration of lung, hemo 
thorax 

Laceration of lung 

Laceration of lung, pneumo- 
thorax, fractured i ibs, 
right 

Laceration of lung 

Laceration of lung, pneumo- 
thorax 

Laceration of lung 


No 

Yes 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

No 

Yes 


ll Shell fragment 

1.1 Shell fragment 


Laceration of lung, hemo- 
thorax 

Laceration of lung, homo 
thorax 


No 

No 


RESULTS 

Evacuated, improA'ed’ 

Returned to duty, 
recovered 

Returned to duty, 
recovered 

Evacuated, improved 

Evacuated, improved 

Evacuated, improved 

Evacuated, improved 

Returned to duty, 
recovered 

Evacuated, improved 

Evacuated, improved 


Returned to dutj', 
recovered 

Evacuated, improved 

Returned to duty, 
recovered 

Evacuated, improved 
Evacuated, improied 


dipeloped a localized empyema at the site of exit of the fragment -which 
resulting bronchial fistula vias dosed and the empyema cavib- 

ODUtcrated by operation. 


also 
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Table IV. Patients "WiTn- Peneteatino Injoeies of the Thoeax Teeated Without 
Primary Surgery Other Than SupERnciAU DfiURiPEMENT and With Subsequent Aspiration 

OF THE Pleural Cavity 
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Table IV — Cont’d 







AMOUNT 





KETAINED 


OF FLUID 


CASE 

CAUSE OF 


FOREIGN 

COMPLICA- 

ASPIRATED 



INJURY' 

TYPE OP INJURY 

BODY 

TIONS 

(C.C.) 

RESULTS 


f)50 Evacuated 
improved 


21 Machine gun 
bullet 


22 

Shell frag- 
ment 

23 

Rifle bullet 

24 

Shell frag- 
ment 

25 

Bomb frag- 
ment 

26 

Machine gun 
bullet 

27 

Shell frag- 
ment 

28 

Shell frag- - 
ment 

29 

Shell frag- 
ment 

30 

Machine gun 
bullet 

31 

Rifle bullet 

32 

Shell frag- 
ment 

33 

Shell frag- 


ment 


Laceration of lung, 

hemothorax, fractured 
rib, left 

Laceration of lung, 

hemothorax 

Laceration of lung, 

hemothorax 

Laceration of lung, 

hemothorax 

Laceration of lung, 

hemothorax 

Laceration * of lung, 

hemothorax 

Laceration of lung, 

hemothorax, pneumo- 
thorax 

Laceration of lung, 

hemothorax 


Laceration of lung, 

hemothorax, fractured 
rib, left 

Laceration of liver 

and diaphragm, hemo- 
thorax 

Laceration of lung, 

hemothorax 

Laceration of . lung, 

hemothorax 

Laceration of lung, 

' hemothorax, pneumo- 
thorax, severance of 
spinal cord 


No 

None 

No 

None 

No 

None 

Yes 

None 

No 

None 

No 

Empyema, 

bronchial 

fistula 

Yes 

None 

Yes 

Coagulation 
of intra- 
pleural blood 
with begin- 
ning organ- 
ization 

Yes 

None 

No 

Empyema 

No 

None 

Yes 

Empyema, 

bronchial 

fistula 

No 

Empyema, 

bronchial 

fistula 


Evacuated, 

improved 

Evacuated, 

improved 

2,400 Evacuated, 
improved 

1,775 Returned to 
duty, re- 
covered 
Evacuated, 
improved 

700 Evacuated, 
improved 

2,000 Evacuated, 
improved 


700 Evacuated, 
improved 

Evacuated, 

improved 

Return to 
duty, re- 
covered 

Evacuated, 

improved 

3,140 Evacuated, 
improved 


such initially. Ribs were frequently noted to have been fractured by the pene- 
trating missies but this complication provided no special therapeutic problem 
in any of our cases. 

can be seen from Tables II to V, bomb, mortar, and shell fragments 
were by far the most frequent causative agents with machine gun, rifle, and 
pistol bullets accounting for the remainder of the battle casualties. 

Thoraco-Abdoniinal Injuries. — According to a strict interpretation of the 
term, 6 patients might be classified separately as having thoraco-abdominal 
wounds, but this has not been done. In only 4 of these patients w^as the liver 
injiiied and in ever 5 ’^ instance the injury was slight. There were no other intra- 
peiitoneal injuries. The injury to the diaphragm in all 6 cases was not great. 

one of these patients died or developed complications secondary to the wounds 
of the diaphragm or liver while under our observation. 


1. Patients Treated Without Primary Surgery Other Than Debridtement and 
Without Subsequent Aspiration of the Pleural Cavity 

There were 15 patients in the group treated without primary surgery other 
than debridement and without subsequent aspiration of the pleural cavity. In 
some of these cases hemothorax, pneumothorax, or both were present in a mini- 
mal degree. Convalescence proceeded satisfactorily and aspiration was not 










Tabli: V. Patients With Penetii-vting Wounds of the Thorax Treated With Pki.marv Major Surgery 
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performed. Despite the presence of retained metallic foreign bodies in the 
lungs of 9 of these patients, no operative procedure fpr their removal was done. 
Complications developed in only 1 instance. This soldier developed a localized 
empyema vdth a hronchial fistula which liad to he closed by operation. ,Five 
patients of this group were returned to duty sixteen to seventy-one days after 
receiving their wounds. The remainder was evacuated to the rear areas or to 
the United States. No patient died. 

2. Patients Treated Without Prinuiry Surgery Other Than Debridement and 
With Subsequent Aspiration of the Pleural Cavity 

Thirty-three patients received penetrating wounds of the thorax not of 
sufficient magnitude to necessitate any primary surgery other than the debride- 
ment of the wound of the chest wall performed at the forward hospitals, but 
developed pneumothoraces and hemothoraees ' which required aspiration. In 
some cases onlj’' one aspiration was performed, while in others several as- 
pirations were carried out. The total quantity of bloody fluid removed from , 
the chests of these individuals varied from 50 to 3,520 c.c. The air, often re- 
moved simultaneously with the fluid, was not mea'sured. In only 8 cases were 
there retained foreign bodies and no opei-ations were performed at our hospital 
for their removal. Six of the 33 patients developed empyema and in 5 of these 
6 there was an associated bronchial fistula. In only 1 case of empyema was. 
there a retained foreign body. 

In 3 eases an intrapleural hematoma became organized. Each of these 
patients was subjected to thoracotomy, the organizing hematoma removed, and 
the lung freed. 

None of the 33' patients died. Nine patients were returned to duty after 
periods of treatment up to ninety-five days.' The remainder was evacuated to 
other base hospitals or to the United States for further treatment. 

3. Patients Treated With Prinia/ry Major Surgery ' 

The 18 cases in which primary surgery was performed for the intrathoracic - 
wound included 17 instances of thoracotomy and 1 instance of laparotomy. 
Only one of these operations was performed at our hospital. This patient 
(Case 11, Table V) has been mentioned previously. The usual procedure at 
the time of operation was to ligate all bleeding vessels and suture lacerated 
lung tissue. Only 1 patient had had a partial lobectomy. AAnien received at 
our hospital, 7 of these patients had retained intrathoracic metallic foreign 
bodies demonstrable by x-ray examination. Thir-teen patients were operated 
upon and cared for without postopei-ative drainage of the thoracic cavity. 
The other 5 were drained by catlieter for two to four days after operation. 
Two patients developed complications: one (Case 9, Table V) had a severe 
woiind infection in the chest wall, and another (Case 11, Table V) developed 
an intercostal neuritis which necessitated cutting two intercostal nerves proximal 
to the thoracotomy incision. 

No patient died. Four were returned to duty at inteiwals up to forty- 
one days after injury. One patient left the hospital ivithout leave fifty-two 
days after his injury. The remainder was evacuated to the rear or to the 
United States for prolonged convalescence. 

DISCUSSION 

Since almost aU the patients -with thoracic injuries were admitted to our 
hospital by way of transfer from more foi-wardly situated evacuation and 
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station hospitals, some two to fourteen days after being wounded, we were 
rarely called upon to determine how such patients were to be treated. Defin- 
itive treatment had already been started. By and large the patients arrived 
m good general condition considering the seriousness of their waunds. This 
speaks well for the large volume of work performed under trying circumstances 
by the evacuation hospitals. In most eases all that we could do was to ensure, 
as far as possible, the continuance of a satisfactorj’’ convalescence and to return 
to duty as many men as possible, phj’sically fit to wdtbstand sustained hard 
physical exertion. 

To fulfill these duties properly, considerable thought was given to three 
problems. These were : 


1. The treatment to be employed for accumulations of blood in the pleuiul 
cavity 

2. The treatment to be employed for retained intrathoracic foreign bodies 

3. Criteria to be employed in determining whether or not a- patient was 
fit to return to duty 

Six months is indeed a short time in which to answer such questions from 
our owm somewhat meager experience but some decision which , would serve as 
a working basis had to be found immediately. 

"We had been greatly impressed in 1942 Ij}' the results obtained in Eng- 
land b3’' Mr. Tudor Edwards and his colleagues in tlie treatment of hemothorax 
following wounds of tlie chest bj’’ I’epeated aspiration. These men advocated 
repeated frequent aspirations, begun thirty-six to forty-eight houm after the 
occurrence of the hemorrhage and continued until no further fluid accumulated 
in the pleural space. Such a regimen seems justified by the facts, as demon- 
strated by Tudor Edwards, tliat early aspiration did not produce additional 
bleeding and that the incidence of infection was much lower in those patients 
■ in whom the pleural space was kept free of fluid by aspiration than in those 
treated conservatively, that is, -svithout aspiration. An additional reason for 
,the persistent use of aspiration is the very real danger of coagulation and 
subsequent organization of an intrapleural collection of blood. ' 

A thoracentesis wms performed in each case of thoracic wound or injurj’ 
in which intrapleural fluid other than a minimal amount was thought to be 
present either by phj^sical or x-ray examination. Koutine use wms made of 
the efficient portable electric suction pumps provided by the Army Medical 
Corps. The degi’ee of suction produced by these machines can be quickly and 
accurately regulated by a control screw, and six months’ experience has slmwn 
that the machines are safe w'hen used carefully. Most of the patients were 
aspirated every third or fourth day as long as was required by the reaccumu- 
lation of the fluid. No arbitrarj-- limit was set as to the quantity of fluid or 
air, or both, that should be removed at one time. The patient’s subjective 
complaints of tightness, pain in the chest, or the onset of coughing were taken 
as indications to terminate the aspiration. On no occasion, however, were 
more than 900 c.c. of fluid removed at one time. The usual aspirations aver- 


aged between 400 and 600 c.c. 

As practically all of our patients had been injured more than forty-eigkt 
hours before reaching the hospital, there seemed to be fittle danger of 
fresh bleeding by the disturbance of intrathoracic pressure relationships au 

to thoracentesis. In only a few instances, therefore, tftienf 

the aspiration and then only for the increased comfort of the patient- 
instances in which aspiration produced renewed bleeding were noted. 
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From the inforination aYailable, -we feel iinahle to express any opinion- as 
to the effect of aspiration in the development of the 9 eases of empyema present 
in this series. No case of empyema was seen to develop at this hospital, how- 
ever, as a sequel to thoracentesis. All of" those patients noted as having 
empyema had the infection when fii-st admitted to the hospital. The incidence 
of empyema following wounds that penetrated the pleural ca%aties was approxi- 
mately' 11 pet, cent (T out of a total of 66 wounds). 

To illustrate the tjqiical and satisfactory response to thoracentesis in a 
suitable case, the storj’’ of one soldier (Case 24, Table IV) can he told briefly. 

CASE REPORT 

This soldier experienced a penetrating -wound of the left side of the chest from a small 
shell fragment Sept. 12, 1943, near Salerno, Italy. The skin wound was small in size, being 
‘ 1 cm. in length and irregular in contour. The shell fragment was retained within the 
thoracic cavity. The wound in the chest wall was sucking in character. This was closed 
with one mattress suture as an emergency procedure at a field dressing station the day of the 
wound. In addition, the patient was given 1,000 c.c. of plasma. Following this he lay in a 
bam at the Salemo beach head for two days before being evacuated directly to our hospital 
by hospital ship and ambulance. 

At the time of his admission to the hospital. Sept. 20, 1943, the left lung was totally 
collapsed and the mediastinum shifted to the right. Fluid and superimposed air filled the 
left pleural cavity. The patient was dyspueie and pale with a temperature that ranged 
between 101 and 103° F. Thoracenteses were performed September 21, 22, 24, 26, and 27 -with 
a total of 2,400 c.c. of bloody fluid and a large quantity of air being removed. This fluid was 
found to be sterile by culture on three occasions and while containing approximately 35 per 
cent hemoglobin at the first aspiration, became more serous in character at each aspiration. 
The temperature remained elevated for four days until all sulfonamide drugs were omitted. 
These had been given in large doses irregularly since the day he had received the wound. 
Subsequent therapeutic trial proved him sensitive to these drugs. 

This patient made a rapid recovery. By Sept. 27, 1943, he was up and about -without 
complaints. X-ray examination of the chest was negative except for the presence of an opaque 
foreign body 3 by 10 mm. in size in the hilar region of the left lung. Oct. 15, 1943, he was 
evacuated to the rear to complete his convalescence. 

No patient was operated upon for the removal of foreign bodies retained 
within the parenchyma of the lung as determined by anterior-posterior and 
lateral roentgenograms, although 26 of the 67 patients with penetrating wounds 
had such a complication when they were admitted to the hospital. These 
foreign bodies were all small, being less than 10 mm. in their greatest diameter 
as estimated from the x-ray film, except in two or three instances. In these 
exceptional cases the largest diameter vailed from 10 to 15 mm. Which for- 
eign bodies should be removed, and when, wm are not qualified to say. None 
of the 26 patients with this complication that were observed by ns presented 
sjonptoms which could be definitely atti'ibnted to the foreign body, however. 

Since the exigencies of war allowed some patients to remain in the hospital 
only a few-days while others remained a relatively long time, no accurate im- 
pression of the proportion of soldiers %vith intrathoracic injuries, such as those 
contained in this report, that can he returned to duty in a given time is pos- 
sible. Information, of course, is also lacking on how well those soldiers that 
were returned to duty held up to the strain of army^- service. Nevertheless, it 
is interesting to note that appi-oximately one-fourth (20 out of 76) of the 
patients with serious thoracic injuries were returned to service. For only 7 
of these 20 patients was a limited type of duty requested. These 7 all had 
penetrating wounds. 

There was a total of 66 patients with penetrating wounds of the chest. 
Forty-eight patients with penetrating wounds were therefore evacuated to the 
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rear or returned to the United States as class casualties. The patients 
placed in class “C” at our hospital numbered 11. There were 37 patients 
evacuated to hospitals further in the rear in North Africa. We feel certain 
that a number of those evacuated to the rear could have been returned to duty 
after a few additional weelcs of convalescence and probably were so bandied. 
We have no information, however, as to what actually did happen to any of 
the evacuated patients. Of the 11 patients placed in class ‘‘0” at our hospital, 
3 were so classified solely because of wounds other than of the chest. In the 
8 remaining cases the chest wound was tlie only, or one of several reasons, 
for placing the patient in class “C.” 

It may be questioned whether Ave Avere justified in returning men to duty 
as quicldy as Ave did. During the early Aveeks that the hospital Avas in opera- 
tion no definite criteria Avere followed. The decision rested entirely on the 
discretion and clinical judgment of the surgeon. During the latter Aveeks, 
hoAA’CA'er, after a spirometer had been constmeted out of tin cans, string, and 
solder, A'ital capacities Averc recorded on a fcAv patients and it Avas tentatively 
decided that despite the patient’s general condition and despite the fact that 
all his AA’ounds had healed, no soldier would be retunied to duty unless he had 
a Autal capacity of at least 3,500 e.c. ^NHietlier sucli a mle aaIII be of help or 
not, future experience Avill haA'e to saA'. Any means by AA'hich the decision to 
retum a AA’oundcd man to the dangers and ligors of battle can be made more 
objective should be Aveleomed ])y all military surgeons. 

Special mention should be made of the 3 patients in Avhom coagulation 
and beginning fibrosis of tlie intrapleural accumulations of blood occurred. 
Sueb a result occurs much more frequently than has generally been believed 
in the past. Thoracotomy Avitli removal of the clot and decortication of the 
lung has become the accepted pi’oeedure in such eases. Taa’o of our patients 
AAuth this condition Avere operated upon elsewhere. The history of the third 
patient is i-eported here. 


CASE REPORT 


A ^olclieI■ (C:ibc 2S, Table A’’) was struck by shell fragments. Sept. 13, 1943, near 
Paebtum, Italy, ■v^itll resulting penetrating wounds of the right arm, right knee, and left side 
of the chest. Fourteen hours later, at an evacuation hospital, his wounds were debrided and 
the abdomen explored through a laparotomy incision. The abdominal cavity was found to be 
normal. Two hundred cubic centimeters of blood were aspirated from the left side of the 
chest. One week later he was transferred to a British general hospital where frequent attempts 
to aspirate the chest were made. On only two occasions were sizable amounts of fluid 
recovered. 

This patient was admitted to our hospital Oct. 4, 1943, at which time all of his wounds 
were found to be healed. The left side of the chest was dull to percussion, silent to ausculta- 
tion, and moved very little during respiration. X-ray examination revealed opacity through- 
out 'the entire left lung field with a marked shift of the mediastinum to the right. A small 
opaque foreign body could be detected in the hilar region of the left lung. Several attempts at 
aspiration at different places in the. chest yielded only small amounts of differently tinted 


Oct 11 1943 the left seventh rib was resected and the pleural cavity opened mdely. 
he left ’lung was found to be entirely coUapsed and the left pleural cavity filled with an 
LSng iSmatoma .-Wd. c.t.M .cll.r.d te.los of a.ld. This •» 

emoved and a layer of organized fibrin, 5 to 10 mm. thick, Avas then stripped from 
ho visceral pleura. This allowed the lung to expand and fill the chest four, 

Xn^l^out aJ'thfe^d^of “nfwey" was retnrned to the United States for 

"urther convalescence. 
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SUMMARY 

Eighty-one patients with intrathoracie disease and injury were treated 
on the Surgical Service of a United States Army General Hospital during its 
service in North Africa. Sixty-six of these patients were battle casualties. 
One patient died during operation for a mediastinal teratoma. Patients udth 
intrapleural accumulations of blood or bloody fluid were treated by repeated 
thoracentesis. Seventeen patients had been subjected to primary major sur- 
gical procedures at more forward hospitals. Only one patient was so treated 
at our hospital. Twenty-six patients had metallic foreign bodies retained 
within the chest. None was operated upon at the hospital. Twenty-five per 
cent of all patients with intrathoracie wounds or injuries were returned to 
duty during their stay at the hospital. One patient with an organizing intra- 
pleural hematoma was successfully operated upon with gratifying immediate 
results. 


PUTEID EMPYEMA WITHOUT FOUL SPUTUM 
"Surprise” Putrid Empyema 

Harold Neuhof, M.D., and Daniel Stats, M.D., New York, N. Y. 

(From the Surgical Service and the Medical Services, The Mount Sinai Hospital) ' 

■pUTRID empyema usually is a complication of a putrid pulmonary abscess. 
1 Most putrid empyemas are readily recognized as such before pus is obtained 
and examined because they occur in patients with known pre-existent abscesses 
with foul sputum. In another paper'*' we have pointed to the frequent occurrence 
of empyemas complicating "shut-off” putrid lung abscesses. In those cases an 
abscess of substantial size is the usual precui’sor of the empyema. There remain 
instances of putrid empyema in which .sputum when present is not foul and a 
causative pulmonary abscess is not demonstrable. We havq termed these eases 
surprise” putrid empyemas because they are often not recognized, and fre- 
quently not suspected, before a pleural aspiration is performed. Excluded from 
consideration in this paper are foul empyemas derived from subphrenie, medi- 
astinal, or other nonpulmonary sources. 

Putrid empyema ufithout foul sputum is not to be classified as rare merely 
because the cases do not appear as such in the literature. They have been en- 
countered not infrequently in our experience but only fifteen well-documented 
cases have been selected to form the basis of this paper. 

The age and the sex incidence are of interest and each has a bearing on the 
subject. There were 2 women and no children. The youngest patient was 2S 
years of age while most were in the fifth decade. 

Careful histoiy and meticulous examination are necessary in order to dis- 
cover the etiology of the pleural infection. Two eases occurred after general 
anesthesia for unrelated conditions. One followed tooth extraction, one after 
removal of tartar from the teeth, and another after tooth repair under local 
anesthe sia. In one case there was a tliree-daj' interval between tlie removal of 

ReccivccI for publication. June 1. 1945. 

•Stfils. D., nn»^ Xcuhof, h. : Putrid Lunir Ab‘*ccs'> "Without Koul Sputum: Shut-off Lunff 
Arcli. Int. Med. (In press.) 
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nasal polyps and the onset of the disease. In the other cases there were no ob- 
vious etiologic factors. In 5 of these the teeth and gums were healthy; in 6 
specific mention was made that gingivodental infection existed. There were no 
tonsiUar infections or infections elsewhere in the body; sepsis was not present. 
Coma or dulling of the senses other than normal sleep had not been present. 
The great similarity of all these facts to the situation in “shut-off” acute putrid 
abscesses and to a lesser degree in typical acute putrid abscesses will be pointed 
out later. 

The clinical manifestations have been broken down into several headings; 

1. Onset and Coui'se : In 10 of the 15 cases the onset was sudden with mod- 
erately or extremely severe chest pain. This was characteristically aggravated 
by mov'ement, respiration, and often by pressure on the chest and was typical, 
severe, pleui'itic pain. In some the pain remained severe for several days and 
gradually tapered off but never completely disappeared. In others the pain 
diminished in severity I'ather quickly only to reappear with increasing severity. 
In 4 cases the pain lasted for about one Avcek and then disappeared. In most 
instances, however, pain pcreisted until the time of operation (several weeks). ^ 
In the remaining 5 cases pain was delajmd for varying periods after the onset. 
In 1 case (see Case Eeports) of chronic putrid empj’ema, pain first appeared 
about one and one-half months after the onset but persisted in mild fashion until 
operation about two months later. 


In 10 of the 15 cases, cough was not present when the disease began. In 4 
cases there was no cough at any tune during the entire course. In 9 cases cough 
was mild or moderate and in 2 was severe, starting several days to a week or 
more after the pain first appeared, persisting for a varjdng tinje often until 
the postoperative period and then diminishing. In 3 cases cough was present 
from the onset. In onh’- 2 instances was the cough severe. Both of these pa- 
tients had bronchiectasis probablj’’ unrelated to the empyema. 

Absence of significant amounts of expectoration parallels that of cough. 
In 4 there was no sputum ; in 3 there was scant expectoration for a few days ; in 
4 scant expectoration lasted for one week or longer’, and in the remainder mod- 
erate amounts were brought up for longer periods. Streaks of blood were un- 
usual; hemoptyses did not occur; foulness was never present. The sputum was 
either mucoid and saliva-like or mrrcopurulent. 

Nine of the 15 patients were moderately or severely and criticallj^ ill a't, or 
shoi’tly after, the onset. In one the onset was mild but the symptoms became 
severe after one week. The other 4 cases presented pictures of relatively mild 
illness at the onset and throughout the course. In these the patients were 
ambulatory for varying periods after the inception of disease and the tempera- 


ture ranged between 100 and 102° F. 

2. Physical Examination : The presence of fluid in the pleural cavity was 
suspected in most cases on admission. The general appearance of critical illness 
was often present. D 5 mpnea or tachypnea and cyanosis were present in abou 
three-quarters of the cases. The condition of the teeth and gums was mentione 
under etiology. When the pleural fluid was situated between the parietal pleura 
and the lung, dullness to flatness and diminished to absent fremitus and breai 
sounds were the usual ftodings. With the fluid in an unusual location » su^ - 
queutly ascertained (infrapulmonary, mterlobaj or paramcaiastmal , «.c » 
?ngs were confusing and difficult to interpret. Tenderness ^ 
extreme in several cases. Clubbing of the digits was encountered y 
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times in this series. In 4 instances the pleural fluid and air aecumulated so 
rapidly and in such large volume that displaeement of the trachea and 
mediastinal stmctures occurred. 

3. Physical examination of the cliest has been relegated to a subsidiary posi- 
tion as roentgen aid to diagnosis has developed. The roentgenographic appear- 
anee in these cases of putrid empyema was that of localized or more widespread 
collections of fluid with or ndthout the presence of air. In some the initial ap- 
pearance suggested a simple eifusion. This was due usually to the outpouring 
of sterile sympathetic fluid as was shown in a number of the cases by aspiration 
of the chest. Later in the course, with the persistence or sudden reappearance 
or exacerbation of the chest pain, the picture was often quite different. Thus, a 
putrid pyopneumothorax Avas frequently disclosed representing a rupture of 
the pulmonary abscess into the pleural cavity. The roentgenographic picture 
may change suddenly. Any new incident such as cessation of cough, reappear- 
ance of pain, sudden rise in temperature, or increase in prostration should be 
checked with a film. A simple effusion ma}' be transformed into a pyopneumo- 
thorax. The x-raj' appearance may differ but little from, or be identical with, 
that of “shut-off” putrid pulmonary abscess Avith empyema described in another 
paper. An underl 3 dng pulmonary abscess was never demonsti-able roentgeno- 
graphically in this series. The difficulties mentioned elsewhere in interpreting 
correctly the shadows due to loeulated infrapuhnonary, interlobar, or para- 
mediastinal pyopneumothoraces pertain also to these cases. 

4. In order to convey a picture of the difficulty of diagnosis, reference 
should be made to the number of chest aspirations that were resorted to in these 
cases before foul pus Avas obtained. In only 3 cases did the first chest aspira- 
tion-in the hospital reveal foul pus and in all there was present an unusually . 
widespread putrid pleural infection. In the other cases an average of four chest 
aspirations each was required before foul pus AA-^as obtained and the diagnosis 
established. One or more of three reasons can be invoked to explain the repeti- 
tion of aspiration Avhich was necessary befoi’e pus was obtained: (1) Inaccurate 
roentgenographic localization of the pleural collection, (2) sympathetic effusions 
AArhich often preceded and masked the underlying putrid infection, (3) unusual 
situation of the empyema Avhich is characteristic of many of these cases. We can 
add here the fact that the collection of foul pus may not only ’be situated at a 
point away from the' surface but also may be small. Hence, Avhenever a putrid 
empyema is suspected (not in obAdous cases) aspiration should be performed 
in the operating room and the needle left in place for the operative procedure. 
There haA'e been not a fcAv instances in which great difficulty has been experi- 
enced in the operating room in finding foul pus which previously had been re- 
A’-ealed by aspiration. 

5. Closelj’^ related to the number of chest taps is the delay which occurred 
from the time of hospital admission both in Avard and prwate patients until the 
trae nature of the pleural infection Avas ascertained. Excluding those cases 
in which a chest tap on admission rcA^ealed foul pus, there was a delay of seven- 
teen days, on the aA’erage, from admission to diagnosis and operation. When 
to this is added two- to three-Aveek periods or longer (one case three months) 
during Avhich time patients remained at home or in another hospital, evidently 
it has taken long periods in most eases for the diagnosis to be established. We 
Avill indicate later that mast of these patients were considered to have some other 
intrathoraeic disease throughout most of the clinical course. 



4rU 


SURGHRY 


U. Tile treatment of putrid pleui-al infections is ahvuys surgical. The details 
of tlie operative procedure of drainage of these putrid empyemas will not be 
given here. Some basic comsiderations are : 

A. Before rib resection is undertaken, an aspirating needle should be 
in situ in the empyema. This will enable the operator to locate the putrid in- 
fection. The e.xception to this is a situation in which foul pus has been found 
previously, but cannot again be I’eaehed by an aspirating needle on the operat- 
ing table. Cautious search must then be made after a portion of a rib has been 
excised. 

B. In critically ill or moribund patients in whom large empyemas e.xist, 
local anesthesia is imperative and in rare instances only preliminaiy intercostal 
tube drainage is permissible. This may so improve the patient’s condition that a 
more extensive procedure can be undertaken later. 


C. In other patients, one or more ribs are excised to provide adequate 
access. The contents of the empyema cavity are evacuated by suction and 
sponge. The full limits of the cavity ai-e ascertained. Ocea.sionally, counter- 
drainage of the cavity ^viIl be nece.ssary. The entire space is packed lightly with 
iodoform gauze. It is important to incise and excise the tract of the aspirating 
needle that penetrated the empyema in order to obviate a phlegmon of the che.st 
wall. The visceral pleura is inspected for a lung abscess. 

7. Following these principles the operation disclosed empyema cavities of 
various sizes, filled and covered by a shaggy necrotic foul exudate. In a few 
eases a lesion could be discerned in the pulmonary ])arenchyma but in none was 
a lung abscess found at operation. A blowing bronchial fistula was demonstrated 
at operation in only 1 case. In 1 ease the empyema cavitv* contained about 100 
e.c. of pus ; in 6 cases between 200 and 300 c.c. was found ; in 6 instances up to 
1 liter was present and in the remaining 2 the hmg was completely collapsed 
and approximately 2 liters of fluid wei-e removed. The empyema cavities were 
usually of bizarre shapes. Extensions from the main cavity to form narrow 
‘tracts or tongues were not infrequent. Special technical problems often arise 
because of the relatively frequent occurrence of interlobar, paramediastinal, 
or infrapuhnonary collections. 

8. The postoperative course usually was smooth and convalescence was 


rapid when adequate drainage and exposure of all the recesses of the empyema 
were can-ied out. There were. 3 deaths in the series of 15 selected cases due 
essentially to delay in diagnosis. One occurred in a patient who had been at 
home for tlrree weeks after the onset, treated as a case of myocardial infarction. 


Autop^ performed two weeks after drainage of the putrid empyema failed to 
disclose any evidence of a residual putrid infection. The heart and coronaiy 
arteries were relatively normal. Death was due to bronchopneumonia. Another 
patient was treated at home for two weeks for lobar pneumonia. On admission 
to the hospital, she had a total putr-id pyopneumothorax which was drained. The 
cause of death was a putrid mediastinitis and pericarditis. The third ease was a 
70-year-old patient who was treated under a mistaken diagnosis of myocardial 
infarction, pneumonia, and pleural effusion. Eighteen days after the onset, the 
fluid was withdrawn in order to relieve respiratoiy embarrassment. The operator 
waf^’Stlv surprised to obtain foul pus. Despite adequate ’opera^ve dram^^e 
at tlS late dale, the patient eventnany sucenntbed to a nonputed broMho^ae 
monia. At autopsy there was no evidence of a putod empyema, tag abseffis. 


myocardial mfarction. 
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Most of the patients showed improvement within several days after drainage. 
Depending upon the previous duration of disease and the ease of exposure of 
recesses, the temperature was normal after one to two weelcs. The empyema 
cavities became clean in a i'civ days. In 3 of the 15 cases a transient bronchial 
fistula was noted in the first or second week after operation. 

The differential diagnosis of these “surprise” or “silent” putrid empyemas 
was often difficult. The diagnosis should always be entertained whenever an 
adult presents the features Avhieh have been described. When the suspicion is 
aroused, the aspirating needle will provide the evidence that a putrid infection 
exists. Aspiration of foul fluid or air is the only means by which the diagnosis 
can be made in these cases. On the other hand, aspiration has its dangers and 
must be employed carefully and with roentgenologic control. A list of the 
diagnoses which were entertained before the correct diagnosis was made will 
indicate the difficulties which were present; lobar pneumonia, bronchopneu- 
monia, bronchiogenic carcinoma, pleural effusion, nonputrid empyema, peripheral 
type of pulmonary carcinoma, actinomycosis of the lung, and tuberculosis. 

What is the evidence that putrid pleural infections which flt into the 
syndrome described are due primarily to a ruptured acute putrid pulmonary 
abscess? 

By reference to the clinical data of “shut-off” putrid lung abscess in 
another paper, one will be struck bj’’ the gi’cat similarity between them and the 
ones detailed here. When a “shut-off” putrid lung abscess implicates the 
pleura and is complicated by a putrid empyema, its clinical picture may be 
identical with that of “surprise” putrid empyema described in this paper. 
There is the same prominence of severe prolonged chest pain and the same de- 
emphasis on cough and expectoration. The cases may be similar clinically ; they 
respond to the same therapy. Then, there are the cases of putrid empyema, in 
which an abscess cannot be demonstrated unequivocally, in which a shallow de- 
pression in the visceral pleura may be observed at operation. These depressions 
may represent the sites of ruptured lung abscesses. Eeference should be made 
to those cases in which a lung abscess has not been demonstrated but in which 
a bronchial fistula was noted during the postoperative course. Such a fistula, 
even when open for a short time, must indicate dissolution of pulmonary tissue 
and the related bronchus, presumably a lung abscess. The cases in which there 
is good reason to believe that some pulmonary lesion did exist differ in no way 
from the other cases of putrid empyema in which such evidence is lacking. The 
entire group bears a strong clinical resemblance to “shut-off” acute putrid pul- 
monary abscess with empyema. 

We have become convinced, after careful observation at operation of these 
and other cases, that the size of ruptured “shut-off” putrid abscesses with 
empyema is not the same as before rupture. It is very likely that putrid con- 
tamination of the pleura occurs only by actual and fairly free rupture of the 
pulmonary lesion. At times we have been able to see abscesses with thbir 
roofs bloivn off, so to speak. At other times a bead or large droplet of pus 
on the msceral pleura may indicate the presence of an underlying abscess. When 
tiie rupture occurs, it appeal’s that in certain instances the abscess tends to 
collapse. When such an abscess is opened surgicallj’’, numerous fairly large 
bronchi may be found in the wall. This can be interpreted as showing that the 
volume of pulmonary tissue originally involved was large. Considerations and 
observations of this type lead us to expect a diminution in the size of a putrid 
lung abscess when it has spread to the pleura; that is the absce.ss collapses 
after rupturing. 
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Roentgenograpliic studies afford other evidence of tiie existence of broncho- 
pleural communications in some of the eases of “sui’prise” putrid empyema. 
Such communications can be interpreted as sho^ving the previous presence of a 
lung abscess. On several occasions, we have observed the accumulation in the 
pleural cavity of large quantities of air in a matter of a few houi-s. The suc- 
cessive roentgen observations in such cases reveal the transformation of small 
pleural effusions into pyopneumothoraces. Even if the bacteria in putrid infec- 
tions were gas producers, it is inconceivable that 1 liter or more of gas could be 
generated within a period of several hours. Since we have never obsen^ed gas 
in a putrid abscess in a location in whicli entrance of air fz’om the outside could 
be excluded, we believe that the bacteria izivolved in such an infection are not 
gas producers within the human body. ’ We interpret the fluid levels observed in 
hydro- or pyopneumothoraces as emdenee of bronchopleural communication and 
indii’ectlj" of a pre-existent lung abscess. 

rinally it must of course Ize asszimed, in the absence of other sources, that 
the pleural infection was derived from the lung, cither a pulmonary abscess or a 
gangrenous bronchopneumonia. If an underlying pulmonary suppurative focus 
is not postulated as the cause, one must assume seepage into the pleura from a 
pulmonary lesion of Avhose exi.stenee there is no acquaintance. 


CASE REPORTS 


. W. (Hospital Ho. 431407), wa.s a 40-3’ear-old man whose admis.sion was antedated bv 
a thrce-montli history- of malaise, low-grade fever, sweating, and a mild cough. Two montlis 
before admission he had a small hemoptj'sis and this represented about all the expectoration. 
About one and one-half months before admission he e.vperienccd sudden, severe, sharp pain in 
the right side of the chest, which subsided somewhat in the next few da.vs but persisted mildly 
until admission. 

He was well nourished. Marked pj-orrhea alveolaris and clubbing of the fingers were 
present. Physical examination of the chest revealed a circumscribed area of flatness over the 
right upper posterior part of the chest and roentgenographically this was a homogenous, 
fairly dense, well-delimifcd shadow whose nature was not clear. At bronchoscopy, a Blight 
amount of thin, nonfoul, nonrecurring secretion was noted from the right upper lobe bronchus. 
Aspiration of the pleural cavity was attempted on five occasions and was unsuccessful. Two 
weeks after admission, after a course of three and one-lialf months of low-grade chronic ill- 
ness, a chest aspiration revealed ty-pical foul fluid. 

Immediate operation through the last needle tract disclosed an exceedingly thick-walled 
flat putrid empyema. A definite communication with pulmonary parenchyma could not he 
demonstrated. The empyema was opened widely and all recesses were packed lightly. 

The cavity diminished in size rapidly and the patient became asymptomatic. Two months 
after operation the wound was completely healed and the patient n-as asymptomatic. At fol- 
low-up examination two years later the patient was well. 

This is an unusual case of chronic putrid empyema without evident underlying putrid 
lung abscess. The prolonged chest pain, mild cough, and absence of sputum are typical. 


L. X (Hospital No. 393858), a 29-year-old man, had a tooth filled under local anesthesia, 
two weeks before admission. One week before admission he experienced sudden, severe, 
stabbing pain in the left lateral part of the chest. This continued until admission. Tiier 
was no cough or expectoration. Low-grade fever and moderate weakness were Present. 

- Examination revealed an acutely ill patient. There was dullness and diminished ores 
sounds over the left lower lobe. Clubbing of the' digitis was not observed. At 
there any expectoration and slight cough was present for only ^“^^tioa 

•varied between 102 and 104° F. and the chest pain diminished gradually. X-ray - 
on several occasions revealed a small amount of fluid at the left base. 
the onset the beginning of clubbing of the digits was observed. Two 
chest faUed to dSse foul fluid but the third, twenty days after the onset, revealed 

One liter of thin putrid pus was evacuated at operation. It was P j™^®fe^tivity 

A priX Xnary Lrce was not seen. The postoperative course was smooth. 
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became clean in about one week and all sjuuptonis disappeared. A bronchial fistula did not 
appear. Three mohths after discharge the wound was healed and the patient was asymptomatic 
at follow-up examination four years later. 

This is the typical sequence in a case of putrid empyema in which a pulmonary source , 
was never demonstrated. It is assumed that a small acute xmtrid lung abscess ruptured early 
in the course and was responsible for the empyema. 

J. E. (Hospital No. 48GG00), a 70-year-old man, became ill thiee days before admission 
with sudden, severe, pain in the left anterior part of the chest, cough, temperature to 103 ° P., 
and dyspnea. He had had a moderately severe productive cough for many years. 

He was acutely ill, dyspneic, orthopneic, and cyanotic. The heart was enlarged and 
the sounds were of poor quality. Gallop rhythm was present. There was a diminution in 
breath sounds and tactile fremitus over the left lower lobe. The pain continued /for several 
days and then subsided. The cough was moderately severe and productive of several ounces 
of nonfoul mucopurulent sputum daily. The temperature varied irregularlj' between 100 and 
101° F. A course of sulfadiazine was without effect on the clinical state. Kepeated electro- 
cardiograms were bizarre and suggested recent infarctions of the anterior and posterior sur- 
faces of the heart. Because of a persistence and increase in the signs of fluid in the pleural 
cavity, Toentgenographie examination was tiist performed ten days after admission. It re- 
vealed a localized pleural collection of fluid in the lower two-thirds of the left side of the 
chest. Aspirations of the chest on the eleventh, thirteenth, and fifteenth daj-s after admis-^ 
sion revealed large quantities of clear, nonfoul fluid (sympathetic effusion). The following 
day thick, green, foul pus was obtained by aspiration in the eighth intercostal space in the 
midscapular line. 

Operation was performed at once, 300 c.c. of foul pus being evacuated from the pleural 
cavity. The walls of the empyema cavity wei-e markedly thickened. Neither a lung abscess 
nor a bronchial fistula was observed. 

During the remaining three weeks, the patient had an irregular tempeiature as high 
as 102° F. He continued to cough moderately, but the sputum was not foul. The operative 
wound became clean in several days and the foul odor disappeared. .Shortly before death, 
signs of a pneumonia in the right lower lobe were observed. 

Autopsy examination revealed cylindrical, nonputrid bronchiectasis and pulmonary 
fibrosis in the left lower lobe, nonputrid bronchopneumonia in the right lower lobe, pul- 
monary emphysema and coronary arter}' sclerosis with scattered myocardial fibrosis but no 
evidence of a myocardial infarct. The putrid pleural disease was no longer present. 

This case illustrates the dangers of an updiagnosed putrid empyema. Eoentgenographic' 
examinations and pleural aspirations earlier in the course might have facilitated prompt di- 
agnosis. Earlier operation might have prevented the fatality. The clinical history was con- 
fused by the bronchiectasis, severe cough, and copious sputum, all of which were essentially 
unrelated to the putrid empyema. 


SUMMARY 

The diagnosis of putrid empyema in the absence of foul sputum or other 
evidence of a pulmonary abscess is difficult. The lesion should be suspected 
and efforts at diagnosis persisted in when a given set of clinical manifestations 
are present. Prolonged delay in diagnosis may be fatal. The variable clinical 
manifestations are described. They consist primarily of outstanding and 
persistent chest pain, slight cough and expectoration, and an illness which is 
severe at least in the initial stage. Cough may be absent; the course may be 
chronic. The discovery of foul pus by aspiration of the pleura is the sole method 
of establishing the diagnosis. This disclosure will often be a surprise. Wide 
drainage of the main lesion and its ramifications will effect a cure unless the 
diagnosis has been dela 3 ’ed too long. Although a pulmonaiy abscess is not 
demonstrable, we believe, for reasons which have been advanced, that a' putrid 
pulmonary abscess is tlie preciu’sor of “sui'prise” putrid empj'oma. Resumes are 
presented of 3 of the 15 cases on which the paper is based. 



PULMONAEY ESIBOLISM IN FEACTUEES OF THE HIP 

Harry Golodnter, M.D., Louis J. Morse, U.D., F.A.C.S., and 
^Vlfred Angrist, JI.D., Long Island, N. Y. 
fFrorn the Deparimails of Pathology and Surgery, Quceits General Hospital) 

C ONSIDEEABLE effort has been expended upon the mechanical correction 
of the osseous deformity in fi'aetures of the hip for many generations, but 
little study has been given' to the actual cause of the complications following this 
injury. Inadequate investigation is responsible for the marked discrepancy 
in the mortality figures from different institutions and in the clinical impres- 
sions of the causes of death. Therefore, "we undertook a careful analysis of our 
ouTi cases that came to autopsj' in order to evolve, after a better- understanding 
of tlie modus operandi of death, some means to reduce our mortalitj’ rate. 

At the Queens General Hospital, 304 patients with fractures of the hip 
wmre treated from 1935 to 1944, with 86 deaths, a mortality of 28 per cent. 
Two-tliirds of the deaths occurred in the group between 70 and 80 years of age. 
Findings in 25 autopsies were exceedinglj' illuminating. Investigation of the 
deaths revealed that 9 eases were due to pulmonarj^ embolizations, 8 to" broncho- 
pneumonia, 3 to arteriosclerotic heart disease, 1 to hemorrhage from a duodenal 
ulcer, 1 to sepsis from a wound infection, 1 to sepsis from a severe purulent 
prostatitis, 1 to pyelonephritis’, and 1 to voluntary starvation in a demented 
woman. Thus, 68 per cent of the necropsies exhibited pulmonary complica- 
tions ; of which 53 per cent wore proved pulmonary emboli. The remaining 47 
per cent were reported as bronchopneiunonia ; many of these cases were, possibly,, 
the result of minute embolizations with secondarj- pneumonitis. 

The high incidence of pulmonaiy embolizations prompted us to undertake a 
study of the factors that influence the pathogenesis. Venous thrombosis in the 
lower extremities has been established as tlie primary source of pulmonarj' 
emboli by Eoessle,^ Prykholm,^ Bauer,^ and other investigators. The sites of 
venous thrombosis in their relative order of frequency, as described by Pryk- 
holm," occur in the veins of the calf muscles, tlie posterior tibial, the peroneal, 
the popliteal, and the veins of the adductor muscles, because damage to the in- 
tima of the vein is gi-eatest in these regions. He stated, that under noi-mal con- 
ditions, erect posture results in the distention of the lower extremity veins by 
the column of blood that they support. These veins become collapsed when the 
horizontal position is_ assumed, men a patient is confined to bed, the collapse 
of the calf vein is aggravated as the result of a compression force exerted against 
it by the resistance of the underlying mattress. In this manner, intima is 
pressed against intima. Continued pressure causes damage to the endothelial 
cells, because the nourishment provided to them by the sluggish stream of blood 
is inadequate. The injured cells liberate a thromboplastic substance whici 
favors local thrombosis. The most frequent site of thrombus formation occur 
at the valve structures because the lumen of the vessels is narrowest at tne 
points, and the valves, acting as weirs, produce an eddy formation wi 

deposition of platelets. _ „r,/Hfjnns 

mdividual ivho su«eis a fracture of Ida hip presents .deal eond® 
for the development of venous thrombi in the lower eatremities. The 

^ceived for publication, June 4, 1945. 
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Table I. Present Series 


Total patients treated 304 

Total deaths . 86 

Total autopsies 25 

Pulmonary complications 16 

Nonpulmonary complications 9 


stream is slowed by the complete voluntary immobilization of the extremities to 
avoid painful movements at the fracture site, by the associated reflex vasospdsm 
induced by the fracture, and bji- the impaired cardiac circulation and the inade- 
quate peripheral circulation of this age group. Concomitantly, changes in the 
chemical composition of the blood conducive to thrombosis fonnation result from 
the liberation of tissue ferments by the lacerated muscles, ligaments, and bone 
at the fracture sites. Intimal damage occurring when the patient is bedridden is 


Table II. EfisuMfi of Twenty-Pive Autopsied Cases Studied 
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total 
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DAYS 

AFTteR 

NUMBER 

ASE 

PATHOLOGIC 

SITE OF 


TYPE OF 

STATUS 

AFTER AD- 

TREAT- 

DAYS IN 

NO. 

DIAGNOSIS 

FRACTURE 


TREATMENT 

OBTAINED 

MISSION 

MENT 

HOSPITA 


1 Pulmonary embo- 
lism 

Intertrochanteric 

80 

Smith-Peter- 
sen nail 

No 

4 

1 

14 

2 Pulmonary embo- 

Neck 

80 

Wilkie boots 

Yes 

11 

1 

42 

lism 

3 Pulmonary embo- 
lism 

Subtroclianteric 

80 

Sandbags 

No 

1 

27 

27 

4* Pulmonary embo- 
lism 

Intertrochanteric 

78 

Smith-Peter- 
sen nail 

No 

7 

1 

8 

5 Pulmonary embo- 
lism 

Intertrochanteric 

72 

Russel trac- 
tion 

No 

1 

25 

70 

6 Pulmonary embo- 
lism 

Neck 

70 

Smith-Peter- 
sen nail 

No 

9 

Immediate ' 

9 

7 Pulmonary embo- 

Intertrochanteric 

70 

Wilkie boots 

No 

1 

11 

20 

lism ' 

8 Pulmonary embo- 
lism 1 

•Intertrochanteric 

65 

Wilkie boots 

No 

1 

5 

6 

9 Pulmonary embo- 
lism 

Subtrochanteric 

54 

Russel trac- 
tion 

No 

14 

3 

16 

10 Bronchopneumonia 

Intertrochanteric 

88 

Russel trac- 
tion 

No 

10 

8 

18 

11 Bronchopneumonia 

Neck 

79 

Sandbags 

No 

1 

4 

4 

12 Bronchopneumonia 

Intertrochanteric 

78 

Wilkie boots 

No 

1 

11 

14 

13 Bronchopneumonia 

Intertrochanteric 

76 

Wilkie boots 

Yes 

10 

46 

58 

14 Bronchopneumonia 

Intertrochanteric 

75 

Sandbags 

No 

1 

1 

8 

15 Bronchopneumonia 

Subtrochanteric 

67 

Russel trac- 
tion 

■No 

1 

8 

10 

16 Bronchopneumonia 

Intertrochanteric 

65 

Wilkie boots 

Yes 

7 

10 

20 

17 Arteriosclerotic 

Intertrochanteric 

63 

Sandbags 

No 

1 

1 

2 


18 Arteriosclerotic 

heart disease 

19 Arteriosclerotic 

heart disease 

20 Arteriosclerotic 

heart disease 

21 Sepsis, wound in- 

fection 

tion 

22 Sepsis, purulent 

prostatitis 

23 Sepsis, pyelo- 

nephritis 

24 Hemorrhage, 

duodenal ulcer 

25 Starvation, vol- 

untarv 


Subtrochanteric 

Neck 

Intertrochanteric 

Intertrochanteric 

Intertrochanteric 

Intertrochanteric 

Intertrochanteric 

Neck 


•Concomitant basilar artcr\- tlirombosis. 


63 Russel trac- No 111 
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60 Sandbags No 1 16 18 

55 Russel trac- No 1 39 50 

tion, body 
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79 Smith-Peter- No 2 6 31 

sen nail 

73 Sandbags No 1 2 6 

61 Wilkie boots No 2 4 lO 

72 Russel trac- No I 30 37 

tion 

78 Ru-ssel trac- No 1 1 78 

tion 
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enhanced when spicas or Wilkie hoots are utilized because of the greater pressure 
exerted against the calf veins b}'^ these plaster of Paris encasements. 

The most dangerous type is the silent' propagating thrombus, described by 
Ochsner^ under the term “phlebolhrombosis,” because due to the lack of local 
sjunptoms, no precautions are undertaken. This insidious silent propagating 
venous thrombus was predominant in our series ; not one patient gave any sjonp- 
toms referable to the presence of venous thrombosis in the lower extremity. As 
a rule, some effort motion discharged the fatal pulmonaty embolus; in one case 
manipulative reduction in the operating room; in another, transfer of the patient 
from a bed to wheel chair; in other.s, turning tlie patient from one side to the 
other in bed. Deaths occurred as early as the sixth day and as late as the 
seventieth day following injury. 

The pathologic anatomy and the clinical course of pulmonary embolizations 
depend upon the size and the sterility of the embolus. Four of the nine fatal 
cases of pulmonaiy embolization resulted from massive emboli to the pulmonaiy 
conus, the pulmonar}’ artery, or one of its branches. The patient was described 
as seized suddenly with severe pain, d3*spnea. and c^mnosis. A state of shock 
occun’ed rapidly, and death ensued in a few to thirty minutes. Pathologic ex- 
amination of the lungs revealed little gross change, because death had been too 
rapid. 


T.vbi.e III. CuxicorATiioi-OGic Study (Cases of Puliiokaey Embolism) 


CASE I 

xo. ! 

XUMBEP. OF 
ATTACKS 

TAT'E OF 
DEATH 

TYPE OF EMBOLUS 

rULMOXABY 

PATHOLOGY 

9 


.Sudden 

Massive 

Normal 

8 

One 

Sudden 

Massive 

Normal 

0 

One 

Sudden 

Massive 

Normal 

3 

One 

Sudden 

Massive 

Normal 

2 

Multiple 

SloAv decline 

Bilateral small 

Bilateral infarcts 

7 

Multiple 

Slow decline 

Bilateral small 

Bilateral infarcts 

5 

Multiple 

Slow decline 

Bilateral infected 

Bilateral infected 

1 

None 

Slow decline 

Bilateral minute in- 
fected 

Multiple small ab- 
Bcessca 

4* 

None 

.Sudden 

Bilateral minute 

Bronchopneumonia 

atelectasis 


•Concomitant basilar artery tlironibosls. 


Three of the nine eases had clinical evidence of previous attacks of pul- 
monarj' embolization. Episodes of chest pain, dj'spnea, and cjmnosis occurred, 
which disappeared spontaneously after a few daj^s. The patient was left with a 
residual weakness ; this Aveakness is apparently a most important sign. At au- 
topsj', emboli to the smaller branches Avere demonstrated Avhich Avere associated 
Avith the formation of infarcts of the lung. The relative age of each infarction 
Avas determined by studying its structure and that of the corresponding adherent 
indmonaiy embolus. 

Two of the nine eases shoAved multiple minute emboli Avliich occluded some 
of the smaUer radicles of the pulmonary artery. These embolizations Avere not 
evidenced by any clinical signs or symptoms. Slultiple embolic abscesses of tlie 
lungs and resultant sepsis Avere present in one ease. A bilateral bronchopneu- 
monia attended the other; the immediate cause of death in tiiis case a has 
artery thrombosis. The cases may be looked upon as incidental P j 
emboli. The thrombi are too small, and the collateral ^^reulation is suffieie ^ 
adeauate to prevent an infarction. Small emboli become significant only av 
rtt rr° sepfe from mfec.ed veins, end prodnee n,„mpU Inng abseesse. 
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Sudden death from pulmonarj’’ embolism has been studied by Horn, Dack, 
Priedberg" and others ; they found that one of tivo patterns may result. Com- 
plete or almost complete obstniction of both pulmonai’y arteiy branches, or the 
pulmonary conus due to a massive embolus, is fatal witliin a few minutes. Death 
results from asphyxia; the entire circulation of blood in the pulmonary artery 
is occluded. The right side of the heart in a ‘few eases is dilated and the 
peripheral veins and organs show congestion. When emboli are too small to 
produce complete occlusion of the pulmonary artery, a superimposed spasm may 
complete the obstruction. Solitaiy embolization to either of the branches of the 
pulmonarj'- artery may precipitate death bj* stimulating afferent vagal fibers 
with resultant vago-vagal reflex spasm of the coronaiy arteries and the bronchi, 
with severe cardiac inhibition. 

Clinically, the diagnosis of the time cause of death was made in but one ease 
of the nine patients that succumbed to pulmonary embolization, and this" was 
entertained because of the sudden death of the patient. In all of the others, the 
clinical impression varied from bronchopneumonia to heart disease. This large 
diagnostic error may be due to the inability of the physician to examine the pa- 
tient properly for Homans’ dorsiflexion sign, tenderness of the calf muscles, 
cyanosis of the sldn, and edema of the extremities. Particularly is this true 
when the plaster of Paris cast maslis all local manifestations. On the other 
hand, physicians may not be cognizant that thrombosis of the calf veins is a 
frequent complication of fractures of the hip and, therefore, are not sufficiently 
vigilant. 

Adequate efficient therapy for the prevention of embolism must be the 
desideratum if the mortality rates are to be lowered. Venous thrombosis occurs 
rarely when manipulative operative procedures are instituted early. These 
methods encourage ambulatory care of the patient, and the stasis of blood in the 
lower extremities and the pressure upon the calf region are to a large extent 
eliminated. Many of the patients in our series, in whom fatal embolization 
occurred, were confined to bed for a period of four to twelve days before any 
operative or manipulative procedure was done. This period of procrastination 
allows for venous thrombosis in ,the lower extremities. In fact, one case of 
massive embolization occurred while a reduction of the hip was being effected 
on the ninth postadmission day. Therapy included nailing in three cases, 
Bussell traction in two cases, Willde or well-leg traction in three eases, and 
sandbag immobilization in one case. Eighty-eight per cent of the patients were 
bedridden not through choice, but because conditions beyond the control of the 
surgeon precluded mobilization of the patient. Thi’ombosis and embolism oc- 
curred in such cases because the patient did not actually obtain ambulatory 
status despite operative treatment to effect it. 

Becent literature has been much concerned with the use of anticoagulation 
therapj’- in the form of dicumarol and heparin. Under such treatment, thrombus 
formation in veins can be prevented, and in the case of venous thrombosis, 
propagation of the original thrombus limited. Thrombosis and fatal emboliza- 
tion maj' occur after the drug Has been discontinued. Since the ti’eatment of 
fractures of the hip necessitates prolonged hospitalization and immobilization, a 
course of anlicoagulation therapy must be continued over a period of months. 
This form of treatment not only becomes expensive, but also detrimental to the 
morale of the patient since it requires constant vigilance and venepuncture. 

Venograms or phlebograms as a diagnostic method to discover venous 
thrombosis at its inception is not applicable to fractures of the femur. In those 
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cases where application of plaster of Paris casts are used in the form of a spiea 
or Wilkie boot, x-ray will not demonstrate the passage of tlie opaque dye in the 
veins of the leg and foot because of tlic overlying opacity. Allen and associ- 
ates® have produced data which seems to establish the unreliability of a phlebo- 
gram, since they have demonstrated positive clinical evidence of a thrombus with 
a negative phlebogram in one-third of the cases they studied. 

To decrease the ineidence of massive pulmonary emboli, early prophylactic 
venous ligation should be effected in patients who cannot have earlj' operative 
and ambulatory treatment. Our mortality and morbidity may be diminished 
since many cases of pneumonitis may be the result of small pulmonary emboliza- 
tions. Widespread interest has followed Ilomans’^ contributions to the pro- 
cedure of ligation of the femoral vein as a prophylactic measure for pulmonary 
embolization in cases of venous thrombosis of the low'er extremity veins. Allen 
and co-workers® ligated in 202 patients up to Januaiy, 1943, with no mortalities; 
60 per cent of his patients were over 50 years of age. They reported no oc- 
currence of fatal embolization following ligation. They have demonstrated that 
the earlier the vein is ligated, the smaller the clot found and the less swelling of 
the leg results. Perhaps ligation of a normal femoral vein prophylactically may 
avoid edema in the lower extremities. 

Venous ligation is not an emergency procedure. Ligation should be done 
within the first three days after the accident, as soon as shock is completely over- 
come. The site of election is the superficial femoral vein. Allen and associates® 
have demonstrated the necessity for bilateral venous ligation, because more often 
than not thrombosis may occur in the deep veins of both lower extremities. Fol- 
lowing the ligations, the lumbar sympathetic block described by Leriche and 
Kunlin^® and popularized by Ochsner and DeBakey” would overcome the vaso- 
spasm, enhance the collateral venous circulation, and minimize the incidence 
of edema. Then, the treatment of the fractured hip may be instituted at any 
time convenient for the correction of the disability without the fear of puhnonai;}' 
embolization. 

CONCLUSIONS 

1. Fatal pulmonary embolization from venous thrombosis in the veins of 
the lower extremities is the most frequent cause of death in cases of fracture of 
the hip. 

2. Venous thrombosis and embolism are less frequent in patients who are 
made ambulant early. 

3. Prophylactic bilateral superficial femoral vein ligation combined with 
lumbar sympathetic block is suggested as most ideal for the prevention of pul- 
monaiy embolism in fractures of the hip; especiallj^, in those who cannot be 
made ambulant early. 
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THE TREATMENT OP PROGRESSIVE BACTERIAL SYNERGISTIC 
GANGRENE WITH PENICILLIN 

Frank L. Meleney, M.D., Sidney T. Priedjian, M.D., and 
Harold D. Harvey, M.D., New York, N. Y. 

/ 

INTROPUCTION 


P ROGRESSIVE bacterial synergistic gangrene is now accepted as a clinical 
entity. Its underlying causes are Icnoivn, its mode of onset is understood, 
its bacterial synergistic etiology has been repeatedly confirmed, and its charac- 
teristic appearance after it has become established should be unmistakable. 
CuUen,^ in 1924, was the first to give a comprehensive case report of this con- 
dition, although at least one authentic case had appeared in the literature before 
that time.® Since Cullen’s publication, there have been almost 100 reports of 
typical cases. Stewart-Wallace^ gave an excellent review -with bibliography 
of thirty-seven cases up to 1935 and Dodd, Heekes, and Geiser^ continued the 
story, totaling eighty-six cases up to 1939. Not included in their review, there 
have been summaries or case reports by Pergola and Rosenfeld® in 1938, by 
Hulten,® by Ducrey," and by Touraine and Duperrat® in 1939. Later, reports 
appeared by Antonioli,® by Brodie and Bouck,^° by Constantinescu and Vasiliu,’^^ 
by Mester,^® by Vier^® in 1940, by Lichtenstein®^ in 1941, by Gurruchaga and 
Manzoni,®® by Paulino,®® by Vara-Lopez®® in 1942, by Neary and Rankine®® in 
1943, by Davison, Samat, and Lampert,®® and by Leonard®® in 1944. 

While some of the authors quoted in these reviews confused this disease 
with the chronic undermining, burrowing (nongangrenous) ulcer, the great ma- 
jority have presented authentic cases. Undoubtedly many other cases have been 
observed and have not been included or have not been reported. One of us 
(P. L. M.) has reported one such case not included, besides the five mentioned 
in the list,-® and has seen and studied eight others which have not been reported 
at all, in addition to the three cases which are the subject of this paper — ^seven- 
teen in all, and in every one of these cases the essential organisms have been 
found. Obviously it is not as rare a disease as was once thought and it should 
be recognized much more readily than it is. 

One of us (F. L. 51.), in 1926, found the essential bacterial agent to be a 
microa erophilic nonhemolytic streptococcus which was present in pure culture in 


L*® paper was done under a con'ract, recommended by the Com- 
cille^c pSians and Columbia UnlvS-"'= Research and Development and the 

Hecclved for publication. M.arch IG, 1945. 
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the advancing pcripliery of the lesion in one of the cases described by Brewer 
and one of u$ (P, L. This organism was associated with a hemcljlie 

Staphylococcic^ aw’cus in the gangrenous margin. The combination of the strep- 
tococcus and the staphylococcus was shown to produce in animals a gangrenous 
lesion simulating to a degree the process in human beings. This lesion could 
only be obtained when the organisms were combined and not when they were 
inoculated in pure culture, thus demonstrating their synergistic action. This 
synergistic action was clearlj* confirmed in a later case, thus justifying the name 
"progressive bacterial synergistic gangrene.”-^ Those who doubt this etiology 
have given altogether too much credit to those bacteriologie reports which in- 
cluded 710 anaerobic technique, for the microaerophilic nonhemolytic strepto- 
coccus can be found only by careful anaerobic methods. It forms a tiny colony 
on the anaerobic plates and is readily overgrown l)y such organisms as Bacillus 
proteus, Escherichia coli, or staphylococci.-^ It is hard to understand why an- 
aerobic procedures are so often neglected in the analysis of surgical hlfeetions. 
Any chronic infection is subject to sccondaiy contamination so that many or- 
ganisms have been found associated with this lesion, but the consistent finding of 
the microaerophilic nonhemolytic streptococcus in pure culture in the spreading 
periphery of the lesion almost certainly establishes it as the essential causative 
organism. In the necrotic and the neerobiotic zones, however, it is invariably 
associated with staphylococci and frequently wdth other organisms as well. 

The development of the lesion follows a definite course. It usually begins 
around tension sutures placed in a wound of the abdominal wall or chest which 
has been made for the purpose of draining either an intraperitoneal or intra- 
pleural abscess. Frequently the intrapleural infection lias developed secondary 
to a lung abscess of the putrid variety. The sldn around the tension suture first 
' becomes red, swollen, and tender and takes on a dusky appearance resembling 
^ ..-^'a carbuncle with a slowly developing necrosis of the skin. This frequently oc- 
curs about ten to twent}’' days after the wound has been made. Removal of the 
tension sutures at that time does not control the infection which steadily spreads 
in all directions from the central point and graduallj^ produces an ulcer. The 
lesion is usually exquisitely tender and also painful and not infrequently the 
entire disposition of the patient changes as the infection progresses, in spite of 
all the doctor can do for it. 


As the ulcer spreads, the destruction of tissue is seen to be very super- 
ficial. The gangrenous skin dissolves away at its inner margin which is slightly 
undermined, but at the periphery of the gangrenous zone it is intimately ad- 
herent to the surrounding skin which, however, has a duslry appearance of im- 
pending death and is raised from one-half to one centimeter above the normal 
surface of the skin. The inner margin of this raised zone is dark purple in 
color and has an irregular crenated appearance. Beyond the raised, swollen 
area, there is a zone of erythema which may vary in width from 5 or 6 mm. to 
4 or 5 cm., the outer margin gradually fading off into normal skin. 

If early treatment is not instituted and the ulcer continues to grow, gran- 
ulations develop in the center, and residual islands of epithelium may form a 
thin epithelial surface. As time goes on, the progress gradually slows down 
but it does not stop. It goes on inexorably in spite of any local appheat on 
which the ingenious surgeon may devise. Frequently surgeons have attempt 
to trim away the dead tissue hut almost invariably, in the past without a la ' 
cal removal of the whole lesion well beyond the zone of ^ 

n recurrence of the infection and a redevelopment of the 
larginal zones. In the past, the only cure for this condition has been 
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plete and wide excision. Then a number of 'different antiseptics have been 
applied to minimize the chances of a recurrence. Zinc , peroxide has been the 
most effective we have iried in preventing recurrence after the excision , because 
' the microaerophilie nonhemolytic streptococcus is susceptible to it and that is 
the organism which has to be' stopped if .the lesion is to be cured. But with- 
out excision, neither zinc peroxide nor any other external application has been 
able to halt the steady advance of the organisms which we know to be active 
in the periphery of tlie lesion, and heretofore no medication has been able to 
halt their advance from within. The sulfonamides have not been effective in 
controlling this condition, but with the advent of penicillin, a new agent has 
been found which may not only prevent a recurrence after the excision, but 
inay obviate the necessity for excision by halting the progress of the lesion 
and permitting a spontaneous separation of the slough. This has been demon- 
strated very strikingly in two patients whom we liave recentlj'' treated and whose 
case records are reported herewith. In a third patient with multiple lesions, al- 
though it was of definite benefit, it was not quite equal to the situation, probably 
because the penicillin was inactivated bj'’ secondary contaminants. 

‘ CASE REPORTS 

Case 1 (Jewish Memorial Hospital No. 35114 and 40989). — N. W., aged 67 years, was 
admitted Feb. 15, 1944, and discharged June 25, 1944 (under the care of S. T. F,). 

Sistory . — One week prior to admission, the patient was suddenly seized with a chill, a 
fever of 103° F., and a cough with yellowish sputum. On the day of admission, he complained 
of pain in the left side of the chest. 

Physical Examination . — The patient was an emaciated, old man who appeared acutely 
ill. There were dullness, bronchial breathing, and rales over the left lower lobe. The heart 
sounds were muffled and distant. X-ray films revealed an irregular bronchopneumonia through- 
out the left lower lobe with signs of old tuberculosis in the left apex and lulus. There was 
a small amount of fluid in the costophrenic angle. • 

Course . — Sulfadiazine was begun .with a dosage of one gram every four hours and an 
equivalent amount of sodium bicarbonate. There was no apparent response to chemotherapy 
and the sulfadiazine was discontinued at the end of one week when hematuria appeared. 
Gradually a breakdown of lung tissue occurred in the upper part of the left lower lobe .(see 
Fig. 1). The sputum became profuse but not foul smelling. By the end of the fifth week, 
the pleural effusion had increased considerably and several fluid levels were seen indicating 
localized pockets containing gas. Expectoration then brought forth greenish-yellow, foul- 
smelling pus. 

A rib was resected on the forty-fifth day of the disease and several ounces of putrid 
pus were removed. A rubber drainage tube was inserted. The temperature came down some- 
what, but the patient’s condition remained poor. Five days later a chest x-ray revealed a 
drained pleura and a retracted lung (Fig. 2). Seventeen days after operation, the edges of 
the wound gradually became swollen and inflamed and within two or three days the margins 
became necrotic. Necrosis continued to spread in spite of frequent cutting away of the dead 
tissue, and during the next two weeks a steadily progressive gangrenous ulcer developed 
around the drainage site. One month after operation and sixteen days after the infection 
of the chest wall, one of us (F. L. M.) was asked to see the patient. The appearMce then 
was that shown in Fig. 3, which is typical of progressive bacterial synergistic gangrene. 

The man Was desperately ill and his death was expected from day to day. Any op- 
erative procedure would almost certainly have precipitated his death, even the simple excision 
of the ulcer. He was, therefore, placed on penicillin therapy with a dosage of 200,000 units 
a day. being given 25,000 units intramuscularly every three hours. Twice a day, 10,000 units 
were also instilled through a tube into the pleural cavity. A culture of the necrotic margin 
jdclded a mixture of organisms including the microaerophilic, nonhemolytic streptococcus 
and a hemolytic Staphylococcus aureus, the combination of organisms which has been dem- 
onstrated in other cases to be the etiologic factor in progressive bacterial sjTiergistic gangrene. 
There were also present an anerobic hemolytic streptococcus, and an aerobic nonhemolytic strep- 
tococcus, a Clostridium wclchii, a member of the pseudomonas group, and Bacillus suhtilus. 
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Fig. 3 (Case 1) ^The lesion sixteen days after the development of the ulcer. This 

shows the drainage wound suriounded by a wide area of bright red granuiations, a narrow zone 
of gangrene interrupted in two or three places around the circumference, firmly adherent to the 
raised necrobiotic zone and at the periphery, a zone of erythema varying in width from a few 
millimeters to about three centimeters 





W' 





Fi£^. 4 (Case i), — This is the one hundredth and sixth day of the disease; the Infection has 
spread to the right lung and the fluid level Is seen on the left side* 
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Witliiu one week, there was marked improvement and the inogress of the ulcei was 
halted. The necrotic tissue gradually separated off. After ten days, the wound was clean 
and granulating with very little discharge from the pleural cavity. Furtheimore, the process 
in the lung cleared, although multiple cavities were still evident within the left lower lobe. 
From that time on, his condition giadually improved. The cough and e.vpectoration dimin- 
ished and his appetite and strength increased. The ploinal cavity closed. On the twenty-fifth 
day, the penicillin was reduced to 50,000 units daily. However, a few days later, x-rays re- 
vealed a fluid level in the upper left pleural cavit 3 ' and a spread of infection to the lowei 
right lobe (Fig. 4). The dose of 'penicillin was, theiefore, raised to 100,000 units a daj-. 
The lung fields then graduallj' cleared and tlio patient was allowed up. Epithelium gi'ew in 
rapidly fiom the margin of the ulcer. Pinch grafts were then applied to the ulcer and the 
defect was rapidly covered with epithelium. The lung lesions progiessively and r.apidly 
diminished and he left the hospital just two months after the beginning of the penicillin 
therapy (Fig. 5). He has remained well during the succeeding eight months (see Fig'-. 0 
and 7). 



Fig. 7 (Case 1). — This shows the healed scar six months after wound heaUngr. 

This case illustrates the failure of sulfadiazine to prevent the development 
of a putrid lung abscess tvhich later developed an associated progressive bac- 
terial synergistic gangrene of the chest wall following the drainage of a putrid 
enipj’-ema. Although there were multiple lung abscesses, which were not drained 
surgicallj', the whole process came under control with penicillin. As far as we 
laiow% this is the first case of this kind on record in which the patient was 
treated successfully wdth penicillin. 

Case 2 (Presbj-terian Hospital No. 744592). — G. H., aged 53 j-ears, was admitted Ma.v 
2, 1944, and discharged July 14, 1944 (under the care of H. D. H) . ' 

History. Suddenly after breakfast one morning, without previous sj’mptoms, the pa- 
tient began to have pains in the midabdomen coming on in waves and growing gradually 
more and more severe. The pain was relieved somewhat bj- flexing the thighs. After a few 
hours, the pain graduallj- sliifted to the lower abdomen with local tenderncs'^ in that region 
and pain across the lower back. There was no nausea, vomiting, or fever. 

Physiml Examination . — A mass was ifelt in the lower right side of the abdomen, which 
was quite tender, hard, and lobulated. The mu'cles of the abdominal wall o\er it were 
spastic. Elsewhere, the abdomen was quite soft and nontendcr. 

Course . — An emergenej* operation was performed about nine hours after tlie onset of 
sjuuptomc. The findings were quite unusual. There was an opening in the mesenterj- of tlio 
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terminal ileum about oO cm. from tlie ileocecal valve. Througli this opening, a loop of small 
intestine had herniated itself, running from left to right. The loop nas about % cm in 
length, swollen and obviously gangrenous. The entire terminal ileum had rotated on its 
mesentery including the _ herniated loop so that the intestine was gangrenous from a point 
about 2 cm. above the ileocecal valve upward for a distance of over 100 cm. The lessels 
in this portion of tlio mesentery were thrombosed. The gangrenous intestine was o.xcised and 
an ileocccostomy was done. An enterostomy tube was then placed in the small intestine just 
proximal to the anastomosis, with a Witzel technique. The enterostomy tube was 
brought out at the lower end of the wound, which was then closed around it by means of in- 
terrupted sutures of No. 00 cliromic catgut with a bolt suture of heaiy silk taken from the 
skin on the right of the wound to the linea alba on the left as a tension suture. A culture 
from the peritoneal cavity preliminary to the resection showed no growth of organisms. 



Fis. 8 (Case 2). — An artist’s drawing: of tlie lesion showing the central area of granu- 
lation tissue, a zone of suede leatiier gangrene around part of the margin, the raised purple 
zone, and tlie wide erj-thema. Tlie small lesion above coalesced with the large lesion before 
penicillin was begun. 


The patient was given sodium sulfadiazine, at first intravenously, and then 
sulfadiazine by mouth. On the fourth day, tlie sulfadiazine level had reached IS mg. 
per cent. At that time there was a negative fluid balance with very little renal outflow and 
the urine showed sulfadiazine crystals and a few red blood cells. The sulfadiazine was stopped. 
Everything seemed to progress satisfactorily except for a moderate rise in temperature to 
101.2° E. on the seventh day. The ileostomy tube was taken out on the eleventh day and the 
sutures were removed. However, around tlie bolt suture hole, an infection appeared on tiie 
fourteenth day and this gradually spread, appearing first as a raised dusky area of skin 
which steadily increased in area. On the twenty-second day, penicillin -was introduced into 
the center of this area but it had very little effect. Gradually an ulcer formed and the whole 
region became extremely tender and painful. Her temperature gradually mounted, rising 
with moderate spikes from 101 to 102° P. and on the tliirty-flfth day it was recognized as a 


typical progressive bacteiial sjmergistic gangrenous ulcer with an inner zone of gangrene, a 
middle raised purple zone, and an outer erythematous zone. The whole lesion was approximately 
8 by 10 cm. in diameter (Pig. 8). On the tliirty-seventh day, penicillin was started intrave- 
nously in a dosage of 25,000 units every three hours. It was given continuously as an intrave- 
nous drip, 200,000 units being introduced in twenty-four hours. This treatment was followed by 
a striking improvement in the whole process. The spread of the infection ceased, the necrotic 
margin separated off spontaneously, and the whole area flattened down to the level of no ■ 
mal skin. The gianulations took on a healthy appearance and new skin began o S'" 
from the margin. PeniciUia was stopped on the forty-eighth day, after nine days of tre 

Cultures from the lesion before the administration of penicillin 
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tliird day after stopping the penicillin, cultures of the wound -showed no growth; On the 
twenty-seventh day after the start of penicillin, the patient consented to a skin graft. Tliis 
might have been done fully two weeks earlier. Twenty small, deep, Davis skin' grafts were 
planted from the thigh, all of which were successful and the wound was completely covered 
with epithelium ten days later (Pig. 9). 



Fig. g (Case 2), — The healed scar nine months after wound healing. 


Case 3 (Presbyterian Hospital No. 763838. — B. B., aged 42 years, was admitted Nov. 
9, 1944, and died Deo. 27, 1944 (under the care of P. L. M.). 

History . — One and one-half years before admission, a boil developed bn the lateral 
side of the right leg. It broke down and then formed an ulcer which gradually spread with 
a gangrenous margin, leaving in the center a granulating area on which epithelial islands ap- 
peared. Soon similar lesions developed on other parts of the body. They failed to respond 
to any treatment tried and the patient was finally admitted to a suburban hospital. Here he 
was given 550,000 units of penicillin over a period of three weeks. Penicillin was also applied 
locally but without benefit. Sulfadiazine and gentian violet were also tried without effect. 
He was then sent to New York to the Presbyterian Hospital on the dermatology service. 
At that time, there were five large and four small gangrenous ulcers on the body. Here a 
search was made for amebae but none were found either in the ulcers or in the stools. The 
Wassermann and Kline tests were negative. "Wet dressings of potassium permanganate were 
applied without effect. The patient was then referred to the surgical service. ' 

Thysical Examination . — The patient was a well-developed, well-nourished man lying 
quietly in bed without much discomfort, but appearing chronically ill. There were twelve 
gangrenous ulcers on different parts of his body in varying stages of development. There 
was one on the right leg, one on the left thigh, one over the right hip, six on the anterior 
part^ of the chest, and three on the iimer surface of the right arm, which had developed since 
admission to the hospital. These lesions, while they had most of the characteristics of the 
progressive bacterial synergistic gangrene as described in previous reports, differed in three 
respects. In the first place, they were multiple; second, they were not excruciatingly pain- 
ful; and third, the zone of gangrene was relatively narrow (see Pigs. 10 to 13). 

Tliey were all characterized by a raised, purple margin, irregular in outline and sur- 
rounded by a zone of erythema varying from liA to 2 cm. Inside the raised purple zone, 
there was a gangrenous zone of varying width. In many places it was entirelj- absent and 
in other places it was as much as 1 cm. wide. The infection was apparently active in all of 
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the ulcers, riicre was a good deal of iiccro.sis of the subcutaneous tissue with innumerable, 
small pockets in the subcutaneous fat and innumerable islands of granulation tissue, some of 
which looked health}', while others appeared infected. In the central portion of the ulcers, 
there was a var}'ing amount of epithelium which had evidently arisen from residual islands 
not destroyed by the infection. This was most marked in the oldest lesion which was on one 
leg, while there was only a .small area of new epithelium on the lesion over the hip and the 
mo.st recent le.sions on the arm. 



Fler. 10. 


Fie. 11. 



Fig. 10 (Case 3). — Uo-sion on the leg where tlie disease started one and one-half years 
before, showing a w'lde central area covered with thin regenerated epitlielium, a spreading 
margin with only a narrow shread of gangrenous skin around part of the margin, a raised 
purple zone, and a narrow zone of erythema. 

Fig. 11 (Case 3). — Two large, old areas on the chest showing narrow gangrenous zones 
and considerable areas of regenerated epithelium which have become secondarily broken 
do^vn b 3 ' the infection. The two smaller areas below the clavicles show more typical ■ suede 
leather gangrene, raised purple zone, and wide erj'thema. Two small areas in the earlj- stages 
are seen on the lower right side and two more on the Inner .side of the arm. 



Fig. 13. ■ 

Fig. 12. i-atierenous 

area of regeneraUng epithelium. 
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Cultures from these ulcers showed a multitudinous number of bacterial species including 
the microaerophilic nonhemolytic streptococcus and the Staph, aureus, the essential organisms 
in the production of this disease. There were also E. coli and Fseudomonas pyocyanea, aerobic 
nonhemolytic streptococci, diphtheroids, and microaerophilic liemolytic streptococcus. 

Course . — ^Patients in two, previous similar cases having responded well to large doses 
of penicillin without surgery, the patient was given 25,000 units every three hours intra- 
muscularly, but there was very little improvement after a course of two million units in ten 
days. The ulcers became cleaner, but the margins advanced, particular!}- the most recent 
lesions. It was decided, therefore, to excise the ulcers. When that decision was made, the 
penicillin w-as stopped and during the next four days the exudate from the ulcers considerably 
increased. Penicillin w-as, therefore, tried again for ten days but again the improvement w-as 
not sufficient to warrant continuing it. All but one of the lesions were, therefore, excised 
and three diifeient kinds of local treatment were tried — penicillin, stieptothricin, and zinc 
peroxide, each in a carbowax base. One ulcer w-as left as a control. All three of these forms 
of treatment seemed to have contiol over the infection but streptothricin produced the 
cleanest wound. 

Suddenly early in the morning of the seventh postoperative day, the patient went into 
profound shock and died. Autopsy revealed a large pulmonary embolus, apparently coming 
from the iliac veins. 

’ - DISCUSSION 

The first case illustrates a typical chest wall lesion resulting from the drain- 
age of a puti-id empyema arising from a lung abscess. The patient’s condition 
w’as extremely critical and it seemed to those who were taking care of him that 
the outlook was hopeless. There can lie no question about the efficacy of 
penicillin in this case, even though the bacteriologie examination showed a mix- 
ture of organisms. The extensive lung involvement must have been the chief 
factor in his downward course before the administration of penicillin and this 
became reactive when the dose of penicillin was reduced, coming under control 
again when the dose was increased. This seems to be added evidence that 
penicillin was effective in controlling the lung condition as well as the ulcer. 
At one time, we thought surgeiy would be necessary, but steady improvement 
both in the clinical course and in the x-ray findings obviated the necessity for 
surgei-y in the lung as well as in the chest wall. 

The second case illustrates the abdominal wall form of this disease, the 
organisms almost certainly coming from the intestinal tract and establishing 
themselves in the abdominal wall where the circulation was compromised by the 
pressure or tension of the bolt suture. In the great majority of cases, this 
element of pressure by a suture can be demonstrated and indicates not only 
the necessity for a synergistic action by bacteria, but a third factor which lowers 
the resistance of the tissues, pei-mitting the establishment of an organism not 
primarily pathogenic. In this case, the suture was carried deeply into the 
muscles of the abdominal wall and infection arose in the incision as well as 
around the suture. Furthermore, aiiotlier organism, namely the hemolytic 
microaerophilic streptococcus, was also present and certain features of under- 
mining seemed to indicate that we had liere a combination of the synergistic 
gangrene and the undermining ulcer. Howevei-, the undermining, burrow- 
ing ulcers, in our experience, have not responded to penicillin and it does not 
seem likely that this was a major factor in the infection because of the prompt 
response of the lesion in this case to penicillin. Again sui-gical excision, which 
has been essential in the cure of this condition in the past, was obviated. 
Furthermore, the promptness of the response to penicillin leaves no doubt 
about the efficacy of the drug in this case. Tlie patient tolerated the intra- 
venous administration of penicillin and greatly prefen-ed it to the periodic 
intramuscular injections which were extremely painful. 
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The third case falls into the 'gi’onp not associated with either the intestinal 
ti’act or the Inngs, but the group in which the organism probably gets in as a 
secondary contaminant into an area compromised by the previous activity of 
the staphylococcus. • Once established, however, the mieroaerophilic nonhemo- 
lytic streptococcus is the one which leads the advance into the periphery and 
prepares the ground for the secondary spread of the staphylococcus. It is the 
latter organism which is chiefly responsible for the death of tissue in the 
gangrenous zone and in the raised purple necrobiotic zone. The infection was 
obviously very superficial, as indicated by the extensive regeneration of the 
epithelium in the center of the older lesions. Penicillin, in this case, cut doivn 
the amount of exudate and probably had some antibacterial action on certain 
of the bacterial species, but the presence of Gram-negative rods in all of the 
lesions prevented its control of the infection. We demonstrated in the labora- 
tory that the E. coli and Ps. pyocyanea both elaborated penicillinase, which com- 
pletely inactivated penicillin in vitro. It may very well be that if we could 
have coirtrolled these Gram-negative rods by some other medication, infection 
even though very extensive might have come under control with the penicillin. 
There can be no doubt about the improvement during the period of penicillin 
adrninistration, but it was felt that the ufde extent of the process w'ould require 
srrrgical removal of a great part of the diseased tissue. The patient stood the op- 
eration very well indeed, and the postoperative course was entire!}' satisfactorj’’ 
up to the time of the pulmonary embolus, which was a most unfortunate acci- 
dent and thoroughly unexpected. We do not feel that failure in this case in any 
way detracts from the value of penicillin in the disease, but emphasizes the 
necessity for a complete bacteriologic analysis of such lesions and the control of 
all of the bacteriologic elements. The inactivating of penicillin by seconder}" con- 
taminants certainly must be recognized as one of the important limitations to' 
penicillin therapy. 
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ILEOSTOMY AND COLECTOMY IN CHEONIC ULCEEATIVE 

COLITIS 

Clarence Dennis, M.D., Minneapolis, Minn. . , 

(From tlie Department of Surgery, University of Minnesota Sospitals) 

R eview of the statistics on cases of nonspecific ulcerative colitis at the 
University of Minnesota Hospitals for the ten years ending Jan. ^1, 1944, 
showed an 8 per cent mortality among those twenty-five patients treated sur- 
gically and a 28 per cent mortality among those fifty-seven confined to con- 
servative types of management,^ Since these findings indicate the importance 
of surgical care in these cases, it seemed yvortli ivliile to trj’^ to make a thorough 
study of the most satisfactory surgical techniques and methods of postoperative 
care. This present emphasis on the surgical management is, of course, a tempo- 
rary one to he employed onlj^ until the true nature of the disease shall have 
been discovered, when it is presumed that less radical measures may suffice. 

The previous study pointed out that the safest procedure in those cases re- 
quiring any surgeiy at all is to perform ileostomy’- and to allow at least three 
months to pass before undertaking other procedures. The indications for ileos- 
tomy" have been presented elswhere, and will be only’- mentioned here. Non- 
specific ulcerative colitis can be classified into the fulminating cases, the mod- 
erately severe ones with remissions and exacerbations, and the very- mild ones. 
These last cases, the very’^ mild ones, can usually’- be handled medicaUyL All others 
are candidates for ileostomy^- at the University of ilinnesota Hospitals. Emer- 
gency indications are : imeontrollable hemorrhage, fulminating disease, impend- 
ing perforation, and obstruction. Elective indications are: chronic ulcerative 
colitis resisting all forms of medical treatment, segmental ulcerative colitis, very 

early ulcerative colitis, and poly-posis including those cases with possible malig- 
nancy'. 


paper w.ys to have been presented at the meeting: of the Society of Univcraltj- 
Surgreons, New York. N. Y., Feb. S. 1945. (Meeting canceM.) 
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The type of ileostomy now employed has developed gradually in the past 
few years. At first, all ileostomies were of the double-barreled type, the loop 
being brought out through tlie main incision, Most^of these wounds healed 
nicely, but about one-third of them broke down under the influence of the un- 
spent digestive ferments poured forth from the ileostomy. This has, in the 
past, been one of the great objections to ileostomy posed by internists and sur- 
geons alike. Excoriation of the skin, which results from constant bathing in 
the unspent secretions coming from the bowel, has been a second factor. Pinallj’’, 
the progressive emaciation born of loss of appetite and seepage of plasma from 
painful raw surfaces has caused many clinicians to throw up their hands in horror 
at the Suggestion of ileostomy in any but the most extreme eases. 

These problems seem to have been largely overcome by the emplojunent of 
the ultimate regimen indicated in the present report. It has become the im- 
pression of most members of the surgical and medical staffs at the University 
of hlinncsota Hospitals that ileostomy is less a burden than any but the most 
mild cases of colitis. One patient with ileostom}"-coleetomy does well enough 
to play professional football and to have declined to have ileoproctostomy per- 
formed. 

In the sixteen months after Jan. 1, 1944, twentj'-three new eases of ulcerative 
colitis have come to the attention of the medical and surgical staffs at this hospi- 
tal. One was localized and was resected by another member of the staff. Of 
the remaining twenty-two patients, only seven did not have surgery; thirteen 
had ileostomies as described. The remaining two had ileostomies by other meth- 
ods by other operators; both developed fecal fistulas. Of the seven not receiving 
operation, two died, two improved, and three failed to improve. 

This review of recent experience indicates the favor in which proper sur- 
gical management is held at the present time at this clinic. It has been learned 
by painful experience that the most extreme care and precision must be exer- 
cised with every detail of the preoperative, operative, and postoperative care of 
these cases, and wth this finding in mind, the procedures employed are described. 


lUEOSTOMY 


Preoperative Preparation . — The bulk of the candidates for ileostomy have 
been troubled noth profuse liquid stools many times a day, the frequency and 
debility of which have been only increased by administration of the high-protein, 
high-calorie diets ordinarily employed at hlinnesota on poor-risk patients.® R 
has, therefore, been the practice to fortify these individuals for ileostomy by 
continuous intravenous infusion of from 2 to 3 liters of 20 per cent dextrose solu- 
tion in distilled water during the twenty-four to thirty-six hours before stirgeiy- 
This is usually supplemented with plasma, as the plasma protein is ordinarily 
depleted. Crude liver extract (Campalon'') and the available purified vitamins 

are added to the dextrose solution. _ 

Preoperative preparation includes 100 mg. of pentobarbital the night be- 
fore surgery, repeated in the morning if the patient is not drowsy, also morplnne 
and hyoscine as in routine preparation for other procedures. Wangens 
nasal suction is instituted before the patient leaves the ward, and is mamtam 
usually the next two days. Enemas are scrupulously avoided. 


%ZthesL The patient is made as comfortable as possible ^ 
tnble and an 8 cm. left lower rectus incision is made under ^2 per cent me^ 
LtnnfiuLtL (Pig. 1). The rectus sheaths are not infiltrated with 1 pe 
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cent solution until exposed, as a piecaution against puncturing the bowel. The 
lectus muscle is letracted laterall}', and the abdomen entered. 

Choice of level: No manipulation of the colon is perfol-med. The desired 
segment of bowel can almost regularlj’- be easily identified by the presence on 
the antimesenteric border of the terminal 10 cm. of ileum of the ileocecal fold 
described liy Kelly and Hurdon® (not mentioned in the standard anatomy atlases 
and texts). It is delivered into the field; the diameter of the bowel is measured 
and it is carefully inspected with a view to making the ileostomj* definitely above 
the level of involvement.’^ The mesentery is infiltrated with metycaine as far 
posteriorly as possible, and is divided at the chosen point for from 8 to 10 cm. 
toward the root, tying the well-isolated vessels encountered with No. 0 chromic 
catgut (Pig. 2). 



Division of ileum: After careful evaluation of the circulation of the bowel 
following tliis division of the mesentery, a segment is removed between clamps 
and both remaining ends are closed ndth Parker-Kerr catgut sutures, each suture 
lieing reinforced by three or four Halsted mattress sutures of No. 4-0 Deknatel 
silk. The distal stump is sutured to the mesentery (Pig. 2) to prevent intus- 
susception, the ties are left long on the upper end to ease re-identification, and 
both aie dropped back into the abdomen. 

The resected segment is opened at once bj’- the pathologist and examined 
for evidences of disease at this level. Presence of diseased bowel at the site of 
ileostomy favors fecal fistula formation and postoperative diarrhea, and dictates 
ileac resection upnaid until good bond is reached. 

Preparation of Circular Ileostomy Incisioii. — The optimal site for ileostomj* 
on the abdominal wall is dictated in a large measure bj* the characteristics of 
the Kocnig-Rutzen ileostomy bag. It should be from 6 to 7 cm. below the belt 


•Tlio terminal ileum has been inxolvcd in one-third of our reported cases. 
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Ime, and well awa}- from the an tei-ior superior spine of the ilium and the inguinal 
0 d. In practice the usual position is 6 cm. below the umbilicus and 3 cm to the 
right, the same site chosen by Cattell.^ The skin is infiltrated at this’ point, 
picked lip, and buttonholed with a scalpel (Fig. 1). A circular defect, two-thirds 
the original diameter of the ileum to be passed through it, is made in such fash- 
ion that the cuticular layer projects farther toward the center of the circle than 
the deeper layers of the dermis, and may thus later be spread upward along the 
ileum somei\hat (Fig. 1). 



Fis. 2. — Single-barreled ileostomy. At the site chosen for ileostomy the 
divided 8 to 10 cm. tonard the root, using catgut ties. A segment of intestine is re 
for immediate gross pathologic examination to rule out ulcerative ileitis at this ie% • jy^es. 
remaining ends are closed by Parker-Kerr catgut and Halsted maOress No 4-0 ® shows 

distal end is sewed to the mesentery to prevent intussusception. 
placement of fine (No. 5-0) silk anchoring sutures m the rectus sheaths and peritoneun 

The rectus sheath is bluntly exposed and longitudinally incised ji^ 
ficiently to permit passage through it of a finger of the surgeon equal in diaine e 

to the ileum as first exposed. _ , , , • wall by 

Ilea^ancJwring sutures: FLxation of the ileum to the abdomm 
c fNTr. <1.0 T)eknatel) sutures is best accomplished by preplacemen 
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sutures, usually from ten to twelve' in number, in the rectus sheaths and perito- 
neum before passage of the bowel through the defect (Fig. 2) . Completion of 
these sutures is accomplished after deliveiy of the closed ileum by small sub- 
mucosal bites in the bowel and serosal bites in the mesentery ; the bowel is then 
, slipped back into position for tying of the sutures (Fig. 3) . 

Mesenteric-anchoring s^itures: Prior to passage of the ileum through the 
ileostomy defect, two or three sutures are placed on the mesenteric border and 
left temporarily mthout tying (Fig. 3). After securing the ileac-anehoring 
sutures already described, these mesenteric-anchoring sutures are employed to fix 
the mesenteric border to the peritoneum and posterior rectus sheath for from 
4 to 5 cm. caudad to the ileostomy opening through the abdominal wall in an 
effort to minimize both prolapse and torsion of bowel about the loop coming 
to the ileostomy (Fig. 4) . , 



Ileostomy. Sutures for anchoring the mesenteric cut edge to the 
PlocPii before the closed orad stump of Ileum Is brought through 
Su ipcislon, to avoid inaccessible hemorrha^. After passage of the bowel through 

already anchored to the rectus sheath and peritoneum are all com- 
Oip mPEPmp^- bites {avoiding mucona) in the ileum and subserosal bites in 

the mCEcntcty. The bowel Is then slipped back into place, and all sutures are tied and cut. 



SURGEHY 

The ileum should now project about 3 cm. beyond the skin surface, and there 
should be good color to the bowel and an obvious pulsation of the arteries of 
-the mesenterj’^ outside the sldn, measures which have been found to militate 
against later stenosis of the stoma. 

SMn sxitnres: Fixation of the sldn edge to the bowel is essential to the sub- 
sequent comfort of the patient, as will be indicated. It is best accomplished with 

000 chromic catgut sutures catching just the cuticular margin. The bowel 
is worked doAvn into the subcutaneous tissue and the skin edge elevated in the 
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Fig. 4.— Single-barreled ileostomy. The mesenteric-anchoring sutures are completed an^ 
tied. The skin is sutured to the Ileum at a point l.o cm. distal on ^trauze^and 

-where it lies naturally- The serocutaneous juncture Is covered with petrolatum ga 
the Ileum intubated. 

process, so that the attachment ultimately lies ly^ cm. out from the point where 
the skin at first lies naturally against the ileum (Pig. 4). This is best- one ^ 
once after tying the deep anchoring sutures, before the edema .jjg 

is marked. Usually y^ Gm. of sulfanilamide, powder is implanted betwe 

bowel and the subcutaneous fat. ■ • . 
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The left rectos incision is closed -with interrupted silk, No. O’OO and, 0000 
Deknatel, and a dry gauze dressing is applied. Petrolatum gauze is placed 
around the ileostomy and a No. 14 French, soft rubber catheter with from ten 
to twelve holes is inserted from 6 to 7 cm. and secured with a catgut purse-string 
suture (Fig. 4). 

Postoperative Care . — 

Intuhation: The patient returns to the ward awake and comfortable. Full 
Wangensteen suction is applied to the nasal gastric tube and about one-half 
suction to the ileostomy catheter. After the first twenty-four hours, appreciable 
amounts of fluid are usually removed through the catheter. Usually the nasal 
tube can be removed in forty-eight hours without subsequent discomfort. The 
ileac catheter must be removed in four days to avoid leakage, and at this time 
healing is adequate to discontinue aseptic management of both incisions. 

Skin care: In removal of the catheter, the following procedure has proved 
most satisfactory. All dressings are removed, and the skin for from 12 to 14 cm. 
around the bowel, including the rectus incision, is covered with a V 2 cm. layer 
of the paste described by Ladd and Gross® (as used here: aristol 100, castor oil 
600, zinc oxide 320, petrolatum 1,280). Bj'- the actual cautery the catheter is 
loosened and the end of the bowel widely opened, care being taken to remove 
completely the valvelike inverted lips of ileac wall. Drainage is thereafter rather 
profuse and liquid. The patient now assumes much of the care of the ileostomy, 
and keeps the skin carefully protected from the ileac secretions by free applica- 
tion of paste and hourly changes of dressings. Nursing help is needed chiefly 
during the night for the next three days. 

About seven days after surgery the patient is fitted with one of a supply 
of Koenig-Rutzen®’ ’’ bags kept on hand for the purpose, and may be up and 
about the Avard (Fig. 5). As soon as the patient masters the management of 
the bag, usually in another two to three days, he goes home. , 

Twenty-five days after surgery, shrinkage of the exposed ileum is complete. 
At this time the patient returns for measurement of the exact outline and posi- 
tion of the mucocutaneous junction, data required for preparation of the pa- 
tient’s Koenig-Rutzen bags.*’’ 

PovMe-harreled ileostomy: In certain instances stricture or actual ob- 
struction of the colon may be present, or the patient may be too desperately 
ill to Avithstand such a procedure as that outlined, even under local anesthesia. 
In these patients it is safer to perform a double-barreled ileostomy, mailing the 
initial 5 to 6 cm. incision under local anesthesia at the site chosen for ileostomy, 
and filling this incision Avith the loop of boAvel instead of attempting any skin- 
to-skin /approximation at all. A glass rod is passed through the mesentery to 
.support the ileum, but the No. 5-0 silk peritoneal anchoring sutures and catgut 
skin sutures are used neA'ertheless (Fig. 6). Spillage into the distal loop can 
be prevented for about six AA^eelts by a tie of umbilical cord tape around the distal 
ileum just outside the skin. 

PostoperatiA'e care is essentially the same as in the single-barreled ileos- 
tomies. The boAvel is cut doAAm to the glass rod one Aveek after operation before 
the application of a bag. 

I Rutzen. 1S19 Ir\’InFr Park Road. Clilcago. 13, 111. The patient 

IS supriioa one for day and on*' for night use. Tlie bag Is made of soft rubber 

and has a flat bra’^s, rubbcr-covcrcd facing made to order to fit the patient to hold U against 
the skm around the stoma. Bland rubber cement Is used to fix tbl*t facing to the skin for 
3 cm. around the mucocutaneous junction. Bags are removed for change each morning and 
night by application of petroleum naphtha \\ith an eyedropper. They may be emptied befwoon 
changes through a vent in the lower comer of the bag, oUienvise secured by a rubber band. 
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Rationale of Procedures . — 

Anesthesia: Early in the surgical management of the disease in this clinic, 
the anesthetic of choice was ethylene supplemented with ether. Under this 
anesthesia one of these debilitated patients died before the skin incision was 
completed. Another died upon exposure of the peritoneum. More recently we 



k5>,"’and maj be ernPtied from the lower end when necessary. 

lave had one apparently good-risk patient go into “ 

■ninal anesthesia. Another patient went into deep shock following 

;ri£ a t spinal anesthetic by a ^rn^tS 

iters of plasma and blood to restore the pulse and blood pressur 
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gery at all. Two days later, after intravenous infusion of 20 per cent glucose 
solution, he undenvent ileostomy uneventfully under local anesthesia. 

Following the adoption of McKittrick’s suggestion that ileostomy be done 
under local anesthesia, no patients have developed shock during this operation. 
This includes about two dozen cases. , ' 

The circular incision: The policy among most surgeons is to perform 
ileostomy by exteriorization of a loop or end of the bowel through the incision, 
with closure of the abdominal wall around the ileum. This was the policy at the 
University of Minnesota Hospitals also, until one unfortunate case of marked 
wound breakdown led to a review of the eases. The policy since has been to 
avoid skin-to-skin approximation in the neighborhood of the stoma. Since the 
adoption of this policy, primary union of both the main and the ileostomy in- 
cisions has occurred in every case (Table I) . 

Double-barreled ileostomy is more commonly used elsewhere than single- 
barreled ileostomy, but the latter has been preferred here because of greater 
ease of later colectomy, absolute prevention of passage of ileac contents into 
the colon, and lower frequency of hernia formation beside the bowel. 



Fig. 6. — ^Double-barrelec 
a disease to stand the lonae 
completely filled by the bowel 
ileostomy. 


Ileostomy Is reserved for patients with obstruction or too severe 
procedure. It is performed through a 5 cm. incision which is 
Peritoneal and skin sutures are placed as in the single-barreled 


Skin care: Skin care according to the measures described has led to virtual 
freedom from erosions throughout in all but two of the cases in the group of 
twenty under discussion. In these two there has been temporary erosion, in 
one case as much as 2 cm. in radius around the stoma, but the erosions have 
healed well under the regimen outlined. 

Several other appliances have been emploj’-ed. Dressings changed fre- 
quently resulted usually in terrific skin excoriation. The Periy cup ivas demon- 
strated to us on one patient and fitted on another. It was considered uncom- 
fortable by our patient, and it is less secure than the Koenig-Rutzen bag. The 
Traveler bag has not been tested here. 

Heplaccmcnt of distal stump inside the aidomcn: Lahey® and Garlock’® 
ix'commeiided bringing bolli ends of the dirided ileum out through the skin. 
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Table I. Wound Healing in Ileostomies eok Chronic Ulcerative Colitis 
(Jan. 1, 1934, to May 10, 1045) 


TOTAL 

PKIMARY 

nEAI.INO 

DISRUP- 
TION OF 
WOUND 

FECAL 

fistula 

LATE 

HERNIA OF 
PROLAPSE 

L\TE 

STENO- 

SIS 

Ileostomy made as described 
Ileostomy made by' other methods 

20* 

20 

0 

b 

It 

0 

Ileostomy in a long incision 

22 

14 

8t 

0 

3 

1 

Deostomj' through stab 

wound but sutured from 
inside abdomen 

3 

2 

1 

2 

1 

0 


•sixteen stnelc barreled : lour double barreled. There were two deaths, both in the 
double-barreled uroup. One died of n well-organized pulmonary embolus nine days i ostopera- 
tively. This patient had had strict medical management and absolute bed rest for one monlli. 
before surgery. The i athologist felt the thrombus had formed before surgery. One comatose 
late case died five days after emergency ilcostomj’ with purulent Ileac drainage and sliocK. 
Autopsy showed chronic ulcei alive colitis, ileitis, Jejunliis, and gastritis. 

tProcedure deviated from that described In that the rectus sheath opening was made 
large enough to admit two fingers. 

JFour wounds healed after one to twelve months. Three operations were redone after 
six months to three years. One patient died of massive wound breakdown and skin excoria- 
tions. ^ 


the upper through the incision and tlie lower through a stab wound elsewhere. 
This policy has appai’ently been dictated at the Lahey Clinic by blowout of the 
dosed lower end when dropped into tiie abdomen. An added stoma to cover 
and dress seems to us at tliis clinic to add considei'ably not only to the difficulty 
of later colectomy but also to the ps3'chiatric instability of these already in- 


secure patients. 

Secure closure methods have been described. IMartzloff and Burget** found 
that properly closed loops of ileum, dropped hack into the abdomen of dogs, 
perforated elsewhere than at the suture lines. It has been found in the experi- 
mental laboratoiy here that simple obstruction in the dog’s ileum by division and 
proper closure culminates ordinarilj'^ in perforation of the bowel well apai’t from 
the suture line.*- ' 

With these facts in mind, we have had no fear of the procedure described, 
and have had no reason to regret dropping the closed end hack into the abdomen. 

Closure of orad stump in preparation of ileostomy: Closure of the orao 
ileac stump prior to bringing it through the abdominal wall was adopted because 
it decreased contamination, both from the cut end otherwise held in a clamp ot 
some sort and from tearing of the ileum which wms foimd frequently to occur, 
in trying to pass it through the necessarily narrow ileostomy opening m the 
abdominal wall. It also facilitates clean temporary catheter intubation at the 

end of the procedure. . 

Fixation sutures: Certain factors have proved particularly importam u 

eliminating prolapse and herniation around ileostomies. The most “porlan 
of these is the accurate suturing of the wall and mesentery of the ilem o 
parietal peritoneum and rectus sheaths just as securely with fine silk surar 

as if the bowel were being anastomosed.* 

Mesenteric anchorage and prevention of prolapse: Oarlock ^ 

mended inclusion of the mesenteric cut edge in the peritoneal 
to the single-barreled stoma as a means of reducing the 

Cattell" follows the same procedure. The procedure of suturing th s = 

lieinia has developed. 
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15 cm. in this group, however, and the only factor which seemed likely to play 
a role in this failure was that the rectus sheath incision had been made large 
enough to admit two fingers. Since adoption of a rectus sheath opening only 
large enough to admit one finger equal in diameter to the 'ileum as first exposed, 
no prolapse has occurred. • . ' 

Size and type of suture material: Ileostomies were early done with heavj’- 
sillc sutures. Many of these wounds drained for weeks or months beside the 
bowel, with discharge of sutures from time to time and great disability, long 
hospitalization, and psychic disturbance to already unstable patients. Catgut 
was, therefore, adopted for all sutures and ligatures except the ileac-anchoring 
sutures, where silk was Imoum to be moi’e reliable. Fine silk sutures of No. 5-0 
Delmatel, 1 pound test at this point, are at least as strong as the ileum in which 
they are placed, and in no instance has use of this size stitch for ileac anchorage 
been followed by discharge of serum, pus, or suture material from the wound. 

Placement of ileac-anchoring sutures: Two ileostomies recently performed 
by others at the clinic have been followed by development of fecal fistulas, one 
through' the main incision and both through the skin close to the bowel. In one 
of these the segment employed was involved with extension of the disease from 
the colon. In both of them the ileac-anchoring sutures were of heavier grade 
and Avere placed from within the abdomen, making precise submucosal place- 
ment without entering the lumen virtually impossible. 

In a third case of placement from within the abdomen, the lateral side could 
not be reached or visualized, and sutures ivere not placed there. Herniation de- 
veloped. 

The adequacy of the suture method just described is testified by the finding 
at autopsy of clean healing of the ileum to the abdominal wall in the case of in- 
volvement of the entire stomach, ileum, and colon, even though the mucosa was 
largely ulcerated away and the entire ileac wall heavily involved at the site of 
ileostomy. 

Duration of ileostomy procedure: The rather meticulous procedure outlined, 
cannot be done hurriedly. Under local anesthesia there is little premium on 
time except for the convenience of the surgeon. The average time including 
anesthesia in the tiventj’- cases reported in this paper was tivo hours thirty min- 
utes. Recollection of prolonged suffering from painful open wounds, extensive 
excoriations, and repeated operations, as ivell as of the weelis and months I have 
spent trying to salvage the situation for patients in ivhom the operative pro- 
cedures have been done humedly and improperly, is adequate incentive to con- 
tinue to spend this amount of time ivith them in the proper performance of the 
ileostomy in the first place. 

Shin care: It is true, as much in the postoperative care as in the op- 
erative procedure, that a little time spent with the patient is an ounce of pre- 
vention. 

Various methods of management after ileostomj’^ are feasible. Tincture of 
benzoin, tannic acid, petrolatum, and lunylite resin'^ have proved entirely in- 
adequate to prevent excoriations. The use of rubber dam eemented to the sldn 
ndth Koenig-Rutzen cement is satisfactory, but requires close watching and 
changes at least twice a day. The most useful preparation found so far at this 
clinic is the paste of Ladd and Gross,® ivhich coats tlie sldn with a good pro- 
tective layer. 

It is at this stage that the failure of many ileostomies is caused. Excoria- 
tion and hrcahdoii'n of the shhi arc relatively easy to prevent but extremely 
difiicxdf to heal m the constant bath of irritating ileac discJiarge. Early excoria- 
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tion at this stage or later often may be aided by use of rubber dam precisely 
fitted around the bowel and cemented to the skin. This may be removed two to 
three times daily for one-half hour wai-m baths, with the w’ater level well above 
the stoma. Dusting the area lightly rath zinc stearate powder before applica- 
tion of the skin cement is also helpful. Very occasionally patients have been 
placed face’ down on a mattress with a hole in it so secretions fall aw'ay without 
touching the sldn. 

Once the patient has progressed to use of the Koenig-Kutzen bag, other 
measures are usually unnecessary. The management is quickly leamecil by the 
patient, who is the one pemon most interested in care of his skin, but in the e.\- 
perience of this clinic is not to be turned over to most internes or to nurses 
not siDCcially tutored, for trouble and even disaster have almost invariabl}’’ fol- 
lowed such delegation of care. 



Fig. 7. — At ileostomy the skin is elevated berore suture to the bowel. Increase in sub- 
cutaneous fat with the usual weight gam then ultimately leaves the patient with the sKin 
flat, so that the bag will fit nicely and excoriation next to the ileum can be avoided. ■U'itnou‘ 
this protection, a funnel-shaped depression can defeat efforts to preserve the skin. 


Proper choice of time of day, usually three or more hours after eating, so 
that constant discharge is not occurring, greatly facilitates clean changes of 
bags. 

Thrombophlebitis: Pulmonary embolus has killed two patients here in the 
last eighteen months, one nine days postoperatively and one preoperatively. 
This is such a common complication of the disease that patients are now regu- 
larly kept up and active, when possible, up to the time of surgery, and are rou- 
tinely placed on dicumarol sufficient to keep the prothrombin time twice the con 
trol as soon as possible postoperatively 

Postoperative weight gain and skin suUires: ’When management and care 
are performed as has been described, most patients have returned to the ac i 

rir'mV.n1i<!m also killed the only patient who has been subjected to j°'?^j„rKe'^mas3 In 
be Siven pi eoperaOvely. 
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life followed before onset of the disease. The weight gain following ileostomy 
is prompt and marked. Of thirteen patients in whom proper procedures were 
employed and data are available^ the average weight gain in the three months 
after surgery was 22.7 per cent of the body weight at surgery.-^ The extremes 
were no gain and 71 per cent gain. 

This weight gain is largely due to deposit of fat between the skin and the 
deep fascia. The resnlt is likely to lead to bulging of the sldn except elose to 
the ileostomy, where the suiTace will necessarilj’’ funnel doivn to the bowel, wliieh, 
of course, has not increased- in length (Fig. 7). In order to permit a flat skin 
nltimately, to which an ileostomy bag can be well fitted, it is best at the time of 
ileostomy to lift the skin out immediately adjacent to the bowel and to suture 
the two thus (Fig. 7). 

COLECTOMY 

Indications . — ^Folloiving successful ileostomy, _ most of these patients not 
only improve generally, but have a marked diminution in rectal drainage, often 
to one-half ounce every day or two. This is a reflection of the improvement usu- 
ally seen in the colon on proctoscopic, and on barium enema x-ray examinations. 
About half of these individuals, however, continue to have enough trouble to 
indicate colectomy. The indications have been fuUy discussed elsewhere.^ In 
summary they are: persistence of profuse flow, presence of pol 5 ^s or actual 
carcinoma, more than one exacerbation of colitis, or profuse bleeding. 

General Procedures . — The improvement following ileostomy usually pro- 
ceeds for three to four months. In order to take full advantage of it, colectomy 
is deferred until at least five to six months after ileostomy, when it can be under- 
taken with minimum risk. At this time the patient is .usually in excellent gen- 
eral condition and can tolerate general anesthesia nicely. 

Initially colectomies were undertaken in stages, such as recommended by 
Lahey.® With the improvement in preparation of patients, the freer use of 
' blood and plasma, and the inception of vastly improved anesthetic measures, 
the policy has shifted to completion of the job in one stage. 

In the earlier cases, the terminal ileum, the colon, and the rectum were re- 
moved, the rectum usually in a separate stage. Two difficulties arose with proc- 
tectomy. In the first place, a draining sinus was prone to persist for months 
or years in the perineum. In the second place, those males subjected to the op- 
eration were found to be incapable of penile erection. Further experience sug- 
gests that the rectal pouch can be easily watched from time to time by proc- 
toscope and that it heals fairly often sufficiently to permit consideration of 
anastomosis to the ileum. 

Experience is accumulating to show, that it is not possible to determine by 
barium enema-roentgen study in chronic nonspecific ulcerative colitis if some 
portions of the colon are normal. Repeatedly, efforts have been made to save 
portions of the colon on this basis. Except in the rare segmental colitis, no 
coses have been found in which portions of the colon could be salvaged when 
x-ray alone indicated them normal. In the rectum and lower sigmoid, proc- 
toscopic examination is reliable. The colon is now removed to the rectosigmoid, 
therefore, and the rectum observed periodically by proctoscope. 

The procedure has been reduced routinely to excision of terminal ileum 
and colon to the pelvic floor sparing the rectum. With such measures, closure 
of the stump bj- Parker-Kerr sutures or the Petz sewing machine and silk mat- 
tress sutures was difficult and unsatisfactoiTi’. The wall of the rectosigmoid is 
usually heavily inflamed, edematous, thickened, and friable, rendering inversion 
vii'tually impossible by standard methods. Two out of four of the rectums closed 
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by those methods, before adoption of the present technique, developed pelvic ab- 
scesses requiring drainage through the rectum or vagina. 

Rectosigmoid Closure . — Because of these difficulties, a closure was devised 
which would eliminate difficulty with inversion and eliminate the dead space 
usually remaining betAveen the finst and second roAvs of sutures. 

The colon is remoA'cd to tlie apex of the sigmoid in customary fashion, mak- 
ing no effort to peritonealize the lateral gutter.-,’. LeaA’es of peritoneum are ele- 
A’ated from the right and left sides of the mesocolon doAA-n to the pchde floor for 
subsequent reperitonealization, but the superior hemorrhoidal vascular supply 
to the rectosigmoid is carefully prcseiwed (Pig, 8). Tavo hcavj' ties (No. 9 silk) 
arc placed cm. apart around the carefully devascularized boAvel at about 
the second sacral Ica’oI, and the gut is cut betAA’cen them AAdth the cauter3^ 



Fig. S Closure of thickened rectal stump In ulcerative colitis Superior hemorrholda 

blood supply is preserved Two heavy ties are placed aiound the carefully cleaned reciu 
sigmoid, 1.5 cm. apart. The bowel is cut between with the cautery. 


An assistant noAV inserts into the rectum from outside the sterile field a 
brass tube 1 cm. in diameter fitted AA’ith a loosely fitting 7 mm. Avooden core. 
This procedure is facilitated by ele\mtion of the hips preoperatively on severa 
folded sheets. This instrument is inserted until the tip can be palpated by the 
operator from AAdthin the abdomen. 

Tavo straight needles arc threaded, one on each end of a one-meter piece 
of No. 30 stainless steel Avire. One is inserted through the cut end of the eo on 
and forced well into the AAmoden core; it passes through the loop of hea^ si 
Avhich encircles the gut, close to it behind. The second needle passes throng 
the boAvel Avail anteriorly, but just outside the silk tie, and passes into 

^^'^The brass tube is now held in place Avhile the Avooden core 

the needles. The assistant outside the sterile field can now put tension , 
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Fig:. 9. — ^Rectal closure in ulcerative colitis. A metal tube with a loose wooden core is 
inserted from outside the sterile field into the rectum. A 3 foot piece of No. 30 steel wire is 
fitted with a straight needle on each end. These are passed through the bowel and forced 
Into the wooden core In such a fashion that, when the core is withdrawn, the wire will pull 
on as much tissue as possible and pass out and through the heavy silk tie. 



. I closure in ulcerative coliUs. By traction on the wire from beloW. Inver- 

sion or the UilcUcned narrow rectum is possible. It Is secured by a row of Lembert and a row 
of Halstod mattress sutures. 
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ends of the steel wire to accomplish, by use of some force, inversion which would 
othenvise be impossible. Such tension accomplishes inversion by the employ- 
ment of sutures in tlie bowel wall for countertraction. Closure is completed by 
a row of Lembert silk sutures and another of Halsted mattress silk (No. 4-0 
Deknatel). Usually 50 mg. of sulfathiazole are implanted between rows 
(Fig. 10). 

In order to open the contaminated dead space between the encircling tie 
and the two-layer closure, the encircling silk and much of the enclosed bowel 
are cut by a sawmig motion (that is, similar to use of a Gigli saw) on the two 
ends of the steel strand by the assistant outside the field. The inverted bowel 
can now be palpated through the rectal wall to have been turned inside out. 
No dead space remains, and healing should be uncomplicated (Fig. 11), 



a b 


Fip. 11. — Rectal closure In ulcerative colitis. Tension on the rectal wall by the mass 
of imertcd tissue, and the closed contaminated space between the encircling tie and the two- 
layer closure, are both eliminated by cutting the encircling tie and completely inverting the 
cut end bj means of the steel wire. 


r' — 





Fig. 12 — Pelvic floor is reconstituted, using interrupted Halsted mattress silk sutures 


The peritoneal fioor is refashioned with interrupted Halsted mattress sffi 
sutures, which hold even in case of pus formation, using peritoneum of the blad- 
der in men, or posterior surface of the uterus in women, and the flaps elevate 
from the mesosigmoid (Fig. 12). Usually about 2 Gm. of sulfathiazole have 

been implanted beneath the peritoneal closure. ^ ^ • -Nr has 

To date, five closures have been accomplished in this fashion, ^ 

had pelvic infection, and the patients usually have gone home within twe v 


isys.* n, 
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Risk of Colectomy in Chronic Ulcerative Colitis . — The risk of colectomy in 
ulcerative colitis is variously estimated.^ Apparently it is no greater than that 
of laparotomy. There have been no deaths in tliis group at the University of 
Minnesota Hospitals since Jan. 1, 1934. All patients colectomized here for ul- 
cerative colitis in this period are alive at the present time. 

RE-ESTABLISHMENT OP CONTINUITY 

To date, six patients with ileostomy for chronic ulcerative colitis have had 
restoration of continuity performed by ileoproctostomy. Four of these were 
done by Owen H. Wangensteen and two by the author. In general, when the pro- 
cedure has been reserved for those who develop solid stools from, the ileae stoma 
and who present rectal mucosa normal to proctoscopic study, the patients have 
remained well without diarrhea. Those who' do not satisfy these criteria appear 
to redevelop diarrhea and ulcerative lesions in the rectum, although the mucosal 
area involved is too small to interfere appreciably with the patient’s general 
health. 

We have had no experience with simple closure of ileostomy at this clinic. 

CONCLUSIONS 

1. With prompt and proper surgical management, chronic ulcerative 
colitis is not a disabling disease. 

2. Ileostomy is the first surgical procedure in chronic ulcerative colitis al- 
most invariably at the University of Minnesota Hospitals and should not be com- 
plicated by any other simultaneous procedures. 

' 3. A method of ileostomy which has proved successful in this reported 
series of eases is presented. In twenty cases there were one case of prolapse, 
two cases of recession, two cases of some trouble with skin excoriation, no eases 
of failure of primary union, no hernias, and two deaths. The deaths occurred 
from pulmonary embolus in one case and from involvement of ileum, jejunum, 
and stomach in the other. 

4. In the experience at the University of Minnesota Hospitals the Koenig- 
Eutzen bag offers the only satisfactorj’- method of handling properly constructed 
ileostomies. 

5. Dicumarol postoperatively is given routinely to patients with chronic ul- 
cerative colitis.'® 

6. Colectomy is done four to six months after ileostomy if there are : re- 
peated exacerbations of colitis, polyps or carcinoma of the colon, profuse drain- 
age, or continued bleeding. The rectum is spared and watched. 

7. A method of closing the rectal stump is presented. It appears to be safer 
than older methods. 

8. In selected cases, re-establishment of continuity has been possible by 
ileoproctostomy and resection of the inteiwening bowel many months after 
ileostomy. 
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EXTRUSION OF GASTRIC MUCOSA THROUGH THE PYLORUS 

Report ox Two Patients Treated bt P..u{tial Gastrectomy 

JIartix Norgore, ;M.D., and Ivan J. D. Shuler, 1M.D., Seattle, "Wash. 

T he basis for gastrointestinal sj-mptoms is frequently difficult to determine. 

Tliis is because there is a multiplicity of factors playing a role in the pro- 
duction of sj'miitoms. These factors fall into two groups: those that have a 
definite demonstrable physical basis and those in which no physical factor is 
found. Before a patient is placed in the second categorj*, it is important that 
every diagnostic aid be employed to demonstrate that there is no physical basis 
for the patient’s complaints. At the United States Naval Hospital in Seattle 
a few patients who had been labeled malingerers were found to have extrusion 
of gastric mucosa into tJie pylonis, which was tlie cause of their sjrmptoms. Since 
operation these men have been restored to duty.’® 

This presentation is concenied with a small group of patients haiung gastro- 
intestinal disorders which are difficult to diagnose, namely e.xtrusion or prolapse 
of gastric mucosa into the pylorus causing obstruction. Two patients treated by 
partial gastrectomy are reported. 

According to Sleyer and Singer,’ the firet instance of extrusion of pstric 
mucosa was reported by Von Schmieden* in 1911. Since then the following re- 
ports have been made: Eliason and Wright,^ 1925, one; Eliason, Pendergrass, 
and 'Wright,'’ 1926, two; Mej’^er and Singer,’ 1931, one; Meyer,-' 1935, one, 
Pendergrass and Andrews,® 1935, three; Re^,’ 1937, four, three operated upon, 
Bohrer and Copieman,® 1938, one, died of complications; Ai-cher and 
1939 four. "We are reporting two and Commander A. M. French, United ^ 
Naval Hospital, Seattle, has described four, as yet not reported. These ma 

total of twenty-three proved by operation. _ indefinite. 

Symptoms of extrusion of gastric mucosa into the laints 

This is because it depends upon the degree of obstruction P^^^en^ 
may be classified under four headings.’ (1) Periodic upper ab 

deceived for publication. Juno l.-i. 1945. 
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with sensation of fullness in this region ; (2) cramijlilre pains after eating, more 
pronounced "after taking solid foods; (3) vomiting, the last s 3 '’mptom to appear; 
and (4) loss of weight, the logical result of the first three s 3 ^mptoms. These pa- 
tients are usually afraid to eat, at first because of pain and later due to vomit- 
ing. As the symptoms are intermittent, patients have varying periods in which 
they feel well ; however, the tendency is to become worse. 

Radiologic findings are somewhat indefinite.®’ ®’ ’• ” In a typical ease 
- there is a shadow containing a small, opaque streak in the duodenum. This 
streak differentiates it from tumor. -It should be emphasized that the findings 
under fluoroscopy may be inconstant during any given examination. Radiologic 
examination is the only method by which diagnosis can be made. The radiologist 
is likel 3 >' to miss the diagnosis unless he is aware that such a condition exists and 
looks for it. 

ETIOLOGY 

Eliason and Wright® believe that this condition is the result of chronic in- 
flammation causing h 3 ’pertrophy of gastric mucosa with extrusion of the mucosa 
into the pylorus. Rees’ is of the opinion that the pathology is due to narrow- 
ing of the pyloric outlet following hyperperistalsis in an effort to push the 
stomach contents through. The condition must not be confused with Billroth’s 
hsrpertrophy, which is a benign hypertrophic psdoritis. According to Pender- 
grass,’® and Archer and Cooper,® bleeding is occasionally associated with this 
^ condition, causing secondary anemia. The 3 ’- state that h 3 q)ertrophy of the gastric 
mucosa may undergo malignant change. 

REPORT OF CASES 

Case 1 (Hospital No. 446341). — ^Mrs. S. M., a 61-year-old womaa presented herself to 
one of us (I. S.), May 22, 1944, complaining of pain in the epigastrium for the past week. 
The pain was intermittent and taking food made it worse. It made no difference what kind 
of food she ate. She had vomited several times. 

Past history brought out the following; twenty-five years before she had had chole- 
ej’stostomy; eight years previously, cholecystectomy; five years before, hysterectomy was per- 
formed for bleeding fibroids. The maximum weight had been 204 pounds two years pre- 
viously. At that time she had attended the diabetic clinic at the King Countj’ Hospital. The 
diabetes mellilus was of a mild degree, and insulin did not have to be administered. The 
diabetic condition bad been under good control until the present symptoms developed. 

Physical examination revealed a woman weighing 163 pounds. The skin was clear and 
there was no evidence of icterus. The blood pressure measured 130/90 mm. of mercury. Gen- 
eral examination brought out the following: there was nothing abnormal about the head, 
neck, or chest; the heart was apparently not enlarged; there were two scars on the abdomen, 
an upper right rectus incision, and a lower midline incision extending from the umbilicus to 
tho symphysis pubis. Both were well healed and showed no evidence of herniation. There 
was no evidence of fluid or tumor in the abdomen. Pain in the epigastrium was elicited upon 
deep palpation. Pelvic examination revealed the uterus to be absent, the cervix present, but 
with no evidence of pathology. Rectal examination was negative; the extremities were un- 
changed and the refle.\-es normal. 

Laboratory Examination . — The blood Wassermann was negative. There was no sugar 
in the urine. Pasting blood sugar revealed the blood level to be 120 mg. per hundred cubic 
centimeters of blood. The results of gastric analysis were 75 free HCl, total 90. Radiologic 
o.xamination at this time revealed .an “area of roughness in the pyloric end of the stomach.” 
This radiologist concluded that while he could not demonstrate ulcer, it was the most likolj' 
diagno'.is. Plat plate of the abdomen revealed no evidence of stones in the kidney, ureter, 
or common duct. 

The p.atient was placed under treatment for ulcer without relief. Codeine sulfate had 
to bo taken frequently to control pain. At times she felt well, and again, especially upon 
taking solid foods, she had severe pain. However, her appetite was good, but she was afraid 
to eat. She oontinacd to lo'c weight. 
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Oct. 6, 1044, she was referred to nnollier radiologist, who reported that the esophagus 
showed no abnormality. Tho_ one abnormality, as seen at time of fluoroscopy, was extrusion 
of redundant mucosa in the distal end of the stomach through the pylorus into the base of the 
cap. Tho small intestine distal to the duodenum showed no abnormality. The examination 
was repeated by the same radiologist with the same findings. Examination of the small and 
large intestines revealed no abnormality. • 

The sj-mptoms of pain, nausea, and vomiting continued intermittently. Nov. 11, 19i4, 
she was examined by one of us (M. N.) before entering the hospital for operation. Her 
weight was 134 pounds. At tliat time no additional physical findings were revealed. Nov. 25, 
1944, under combined spinal pontocaine and intravenous sodium pentothal anesthesia, explora- 
tion brought out tho following: the gall bladder was absent; there were adhesions in this 
region; tho common duct was not dilated. Careful palpation revealed no evidence of stone 
or obstruction. Aspiration of the common duct revealed normal bile. The liver was not en- 
larged and showed no gross pathologic change. The uterus was absent. Nothing abnormal 
was found in the small or large intestine. Tho spleen was not enlarged. IVhcn the stomach 
was examined it was found to contain a soft, tumorlike mass which could be pushed into the 
pylorus; otherwise, the viscus was negative. 

What Was Done. — Three-fifths of tho distal part of the stomach were resected. A 
rctrocolic anastomosis was done according to the Finstcrer method. Five grams of sulfa- 
thiazolo crystals were sprinkled in the upper abdominal cavity and the abdomen was closed 
without drains. Pathologic examination brought out tho following: before fixation of the 
gross specimen, redundance of gastric mucosa and almost complete obstruction of the pylorus 
could bo demonstrated. During microscopic examination, section of the pyloric end of the 
stomach showed the mucosa nuth a moderate amount of monocylic infiltration between the 
gland structures. The musculature was normal. Diagnosis was chronic gastritis. 

Postoperative convalescence was uneventful. She was discharged to her home on the 
eleventh postoperative day. On tho fifteenth postoperative d.ay she developed a slight icterus < 
which disappeared in five days. This was thought to bo due to sulfathiazole. She remained 
well and was completely relieved of the symptoms until Doe. 28, 1944, rvhen she developed 
pyelonephritis and diabetes mellitus, and was readmitted to tho hospital. The kidney infec- 
tion was difficult to combat, but she gradually improved and was discharged from the hospital 
Jan. 30, 1945. She remained well and was relieved of all preoperative symiptoms until March 
26, 1945, when she developed epigastric pain, nausea, vomiting, and prostration. She was 
taken to the King County Hospital where, in spite of administration of glucose, plasma, and 
transfusions, she became progressively worse. The blood protein remained low despite tliCfO 
measures. Generalized edema developed. She was unconscious for days at a time. Clinical 
jaundice was present throughout her stay in the hospital until she died, April 29, 1945. Posb 
mortem examination revealed subacute hepatitis, fibrosis of the pancreas, terminal broncho- 
pneumonia, general anasarca, and large decubitus ulcers. The stomach showed no change ex- 
cept subtotal resection. There was no evidence of ulcer or obstruction. 


Case 2 (Hospital No. 45948). — J. V., a 42-ycar-old fisherman, was first seen May h 
1943, at which time he complained of epigastric pain and nausea of one week’s duration. He 
had had no previous stomach trouble, no melena or change in bowel habits. Past history 
revealed that in 1928 he had had an appendectomy and at the age of 15 a mastoidectomy o 
the right side. 

Physical examination at that time revealed a man weighing 210 pounds, which was^ l»s 
usual weight, and measuring si.X feet in height. There was a mastoidectomy scar on the righ 
side; otherwise, there was notliing abnormal about the head, neck, or chest; the blood pressure 
measured 124/86 mm. of mercury; pulse was 70; heart was not enlarged; there ^ 
on the right side of the abdomen which was healed well; there was slight tenderness to de p 
palpation in the epigastrium. No fluid or tumor masses were felt in the abdomen, i ^ 
were no hernias. Genitals were normal. The extremities were unchanged. The reflexes 

normal. count and 

^ Laboratory ExaMon.-The blood Wassermann ex- 

nrinalvsis were within normal limits; gastric analysis free HCl GO, total 85. B 
amination May 8, 1943, revealed a small penetrating ulcer on the lesser 
stomach at the angle. The duodenal cap was normal. The small intestine is 

odcnuixi W£is Dornifll throughout. alkflh'ps 

The patient was placed under treatment for ulcer one of us revealed 

and antispasmodics. Eadiologic examination, June 19, 1943, by the same ra 

no evidence of ulcer. 
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The patient was next seen Feb. 12, 1945, at which time ho complained of pain, nausea, 
and vomiting, especially after eating solid foods. Because of this condition he had become 
afraid to eat. MTule he was relieved by food at the time he had gastric ulcer in 1943, food 
now definitely made him worse. He had lost twenty-four pounds within a period of six weeks, 
which he stated was due mainly to the fact that be was afraid to eat. Physical examination 
brought out the following: weight, ISO pounds j there was nothing abnormal about the head, 
neck, chest, or abdomen except that there was slight tenderness to deep palpation in the 
epigastrium. The blood pressure measured 120/84 mm. of mercury. The temperature was 
normal; blood count and urinalysis were within normal limits.- Eadiologic examination at this 
time revealed: The barium passed readily through the esophagusj which appeared normal. 
The stomach showed definite prepyloric induration strongly suggestive of early carcinoma. 
There was marked concavity of the base of the bulb similar to the appearance produced by 
prolapse of the gastric mucosa, and it was possible that all the findings were due to such a 
condition. Carcinoma seemed more probable, however. At -the end of three hours the 'stomach 
was-almost empty and the head of the meal was in the cecum. 

The patient was operated upon Feb. 23, 1945, by one of us (M. N.), at which time the 
following was found : in the prepyloric region there was a tumorlike mass which was firm and 
which could be pushed into the p 5 ’lorus. At the angle there was a small scar, probably repre- 
senting a healed gastric ulcer. Further exploration of the abdomen revealed no evidence of 
gall bladder or biliary tract disease, and there was nothing abnormal found in the small or 
large bowel. 

What Was Done . — Under combined spinal pontoeaine and intravenous sodium pentothal 
anesthesia, an upper left paramedian incision was made. Approximately three-fifths of the 
distal end of the stomach uere resected and an anticolic anastomosis was done. The abdomen 
was closed without drains. Examination of the removed segment of the stomach before 
fixation revealed marked hj’pertrophy of the prepyloric gastric mucosa, and this could be 
easily pushed into the pylorus causing complete obstruction. There was no evidence of ^ ulcer 
of the stomach. During histologic examination, Section made from the stomach wall near the 
pylorus showed a large amount of monocytic infiltration, germinal center formation, and de- 
struction of much of the mucosa due to the infiltration of monocytic cells. The whole thing 
indicated a marked gastritis at this end of the stomach. 'Diagnosis was gastritis. 

The patient made a good recovery and was discharged to his home on the tenth post- 
operative day. Since that time he has been completely relieved of the preoperative syinptoms 
of pain, nausea, and vomiting. He has gained ten pounds in weight and feels well. 

DISCUSSION 

At present the surgical treatment recommended for this condition is resec- 
tion of the redundant gastric mucosa,"’® This is done by, making an incision 
through the anterior wall of the stomach and placing a finger into the pylorus 
through this opening. A second incision is then made into the pylorus. The 
redundant gastric mucosa is excised and the incision in the mucosa is sutured. 
All bleeding -vessels are ligated and the incision in the pylorus is closed. Some 
surgeons apparently close this in a longitudinal manner and some transversely. 
Finally the incision in the stomach is closed. 

Rees' reports a patient on -whom he performed posterior gastrojejunostomy 
vith no relief. This is what one would expect, as the peristaltic action of the 
stomach would still push the redundant mucosa into the pylorus. Three years 
later resection of gastric mucosa wms done wdthout relief. This is evidently the 
onlj patient reported who did not obtain relief from resection of gastric mucosa. 
Rees states that “. . . the closure of the gastric mucosa did not hold entirely,” 
as revealed by subsequent x-ray findings, and attributes failure to this cause. 

Gastric resection ivas done in our first case because of the high acidity. 
It was feared that ulcer might develop at the side of the excision of the gastric 
mucosa or that closure of mucosa would not hold. It was also deemed advisable 
to pel form an operation that would give the patient the best possible chance 
for permanent relief. In Case 2, gastric resection was done in view of the his- 
tory of gastric ulcer, high acidity, and the radiologist’s report of possible car- 
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cinoma. Besides, subtotal gastrectomy for benign lesions is now being done ■with 
a great deal of safety so that the added risk of gastrectomy over excision of the 
mucosa is minimal. In young patients with moderate acidity, excision of 
mucosa is no doubt the operation of choice. 

It is our opinion that redundance of gastric mucosa is not as uncommon as 
reports would indicate. Some patients who have mild gastric symptoms where 
nothing definite is found ma}’ be suffering from this condition. -Every ab- 
dominal surgeon has no doubt noted redundance of prepyloric gastric mucosa 
when palpating normal stomachs. Therefore, medical management of these cases 
should be instituted, especially if the symptoms are not severe. This should 
be done even if the actual condition has been demonstrated radiologically. In 
this connection, Bockus’’ in his book, Gasiro-Enterology, stated, '^Moderate 
rcdiuidaney of the pyloric mucosa is probablj’- not uncommon but, unless it is as- 
sociated with severe gastritis or actual prolapse of the gastric mucosa into the 
duodenum in sufficient quantity to interfere with evacuation of the stomach con- 
tents, symptoms are not produced. ’ ’ 

The pathologic study of the ti.ssues removed in our cases would indicate 
that the condition is probably due to inflammation. There was nothing to in- 
dicate a narrowing due to h\"pertrophy or contraction of the musculature in the 
pyloric region. In Case 2, espeeiall 3 ’', the inflammatory reaction was marked. 

Although we are not responsible for the radiologic diagnoses in these cases, 
attention should be called to the fact that many radiologists are not aware of 
the existence of this condition and therefore are not on the lookout for it. The 
first radiologist who examined the patient in Case 1 was apparently unable to 
interpret what he saw. Consequentlj’- the diagnosis was missed, although the con- 
dition was probably observed bj' him. On this subject Bockus^^ stated, “When 
complete prolapse into the duodenum oecui’s, the differentiation between 
pedunculated tumor and prolapsing gastric mucosa will often be impossible and 
operation may be necessarj*. If thei’e is a large defect in the p.yloric canal and 
a negative shadow in the duodenal bulb, the condition may not be distinguished 
from that of pyloric ulcer, hypertrophic gastritis, or carcinoma.” 

It will be noted that we have used “extrusion” instead of “prolapse" to 
designate the condition present in these cases. The term “prolapse” is de- 
fined in the dictionary*^ as : “ The falling down or sinking of a part or viscus. 
Therefore, it does not describe this condition accuratel 3 ^ “Extrusion,” as de- 
fined by Borland*^ is, “A pushing out; a forcing out or expulsion”; consequently 
it conveys correctly the pathologic physiology present in these eases, as it is 
due to the peristaltic action of the stomach pushing the hj^iertrophic redundant 
gastric mucosa into the pjdorus that causes obstruction and symptoms. 


SUMMARY AND CONCLUSION 

1. Two cases of extrusion of gastric mucosa into the pylorus causing inter- 
mittent obstruction with marked loss of weight are reported. Partial gastric 
resection was done in both cases ivith satisfactory results, although one patien 
died five months after surgery from hepatitis. 

2. The condition is undoubtedly more prevalent than reports would in ica ^ 

Diagnosis is made by the roentgenologist who must be aware of and loo ' ^ 

3. In mild cases, medical management should be instituted 

is recommended. Two operative procedures are at the surgeon s co 
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section of redundant gastric mucosa or partial gastric resection. The choice of 
the procedure should be determined by the age of the patient, the gastric aciditj’’, 
and the judgment and skill of the surgeon. 
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INTUSSUSCEPTION IN ADULTS 

Alfred H. Iason, M.D. 

Brooklyn, N. Y. 

S tatistical data appear to show that of all intussusceptions the incidence 
in adults is about 5 per cent. 

In infants, according to Perrin and Lindsay, 78.5 per cent occur in the 
sixth and seventh months of the first year, especialty in boj’'s. The ileocecal 
and ileocolic varieties are the most common at all ages, but enteric intussuscep- 
tion occui’s more frequently in adults than in children. 

Incidence . — A comparison of the incidence of intussusception according to 
Perrin and Lindsay and PitzAvilliams is shoum in Table I. 

It is common medical experience that there are, as a rale, no diseovoi’ahle 
ctiologic factors in infants, while in adults there is usually an organic lesion, a 
benign or malignant tumor, as the basic cause. 

Other provocative influences are (1) typhoid ulcers, (2) tuberculous ulcere, 
(3) dysenterj”, (4) acute appendicitis, (5) Sleckel’s diverticulum, (6) a con- 
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Table I. Inqdence. 


PERnrX ANP LINDSAY 
(4,000 CASES) 

(PEE cent) 

riTZ WILLIAMS 

(1,000 cases) 

(PEP. CENT) 

Ileocecal 

40.5 

00.8 

Ileocolic 

37.6 

23.0 

Enteric 

10.1 

0.0 

Colic 

5.0 

7.3 


genital ileal .band, (7) a submucous lipoma of the ileum, (8) a foreign bodj’’, 
(9) a sudden radical dietary change. (Mooi’c), or (10) neoplasms. 

Enlarged lymphoid patches not infrequently eause intussusception, and an 
instance in point appears to be the high incidence of the ileocecal variety, \vith 
the presence of large Peyer’s patches. The detnisor action of the terminal 
ileum and the greater size of the colon have been regarded as other probable 
causes. Lymph patches or polyps, it is maintained, indtate the intestine and 
thus provoke peristalsis. WardilP suggested “fixed spasm” as the prime mover. 

“Primary” intussusception does not commonly occur in the adult in contra- 
distinction to the condition in infancy because l 3 Tnphoid tissue becomes progres- 
sively I'educed with age and also because the lumen of the intestine in the adult 


is relatively larger. 

The majoritj- of intussusceptions are of the enteroeolic varietjq and it is 
in the ileocecal zone that considerable anatomic alteration in the size of the 
gut takes place. 

The Anatomic Causation . — It is a widely accepted view that an intussuscep- 
tion is induced bj' irregular and increased intestinal peristalsis due to some iiTi- 
tant or lesion in the wall or lumen of the intestine. The condition in adults is 
rarelj* functional. 

Physiologic Causation.— Fvasev- proved that the inneiwation of the ileocecal 
zon6 is distinctive in that the nerve supply of the ileum is sympathetic and para- 
sj-mpathetic; the cecum receives a supply of sympathetic nerves only. An e.v- 
planation is thus found for the descending peristaltic irregularity. 

Pathologic Causation.— Intussusception at times occurs during an attach 
of enteritis and there is a strong probability that the swollen Peyer's patches 
may induce the hypeiTJeristalsis. (It has been sho\vn frequently that there « 
a distinct concurrence of ileocecal tuberculous lesions and intussusception.) 

Intussusception of the gastrointestinal tract may take place anywhere be- 
tween the stomach and the rectum. The large bowel is the most frequent si 
of in%mlvement in adults because benign and malignant growtlis, particular > 
the former, are more common there than in any other part of the gastrointestm 

tract. . „ 

An intussusception usually forms a rather firm sausage-shaped sweu s 
composed of three concentrically arranged tubes or layers-the f 
and ensheathing. The first two form the intussusceptum and 
or most distal part of tlie inragioation, the ond.eathmg 
intossuscipieos and jobs the retunung layer at the neck of the 
With the gro.vth, in length, of the invapnation, the »t‘e'7 “ 
draim into the intnssnsoeptnm where it is caught between t 
returning layers on the concave side. ^ from pres- 

The constriction and torsion of the mesentery perl 

eureS the veins, which is most obvious at the apea and m the adiace 





lASON: INTUSSUSCEPTION IN ADULTS 


459 


of the returning layer. The apical part particularly swells to a great extent. 
This is due to the extravasation of blood and mucus obstructing the lumen. 
Adhesions subsequently form between the apposed serous surfaces of the enter- 
ing and returning layei-s. 

Varieties of Intiissusceptions. — Intussusception may be single or compound. 
In the latter, the primary invagination is surrounded by a secondary, which 
may in turn be surrounded by a tertiaiy, invagination. 

Intussusception is ordinarily classified in accordance with the anatomic 
features. Perrin and Lindsay® suggested that the classification be in two groups : 
(1) ileocecal and (2) ileocolic. 

In the first variety the ileocecal valve forms the peak of the intussusception, 
while in the second, the invagination begins in the ileum adjacent to the valve 
and passes through it into the cecum. 

There are, in reality, three forms: 

1. Enteric (10 to 15 per cent), in which the small intestine invaginates. 
This form is prevalent in older children and adults. It is usually of organic 
causation. In the ileo-ileal variety only the small intestine is involved; it may 
progress to become an ileo-ileoeolie variety, ordinarily discoverable in childi’en. 

2. Colic (5 to 10 per cent), in which the colon ensheaths (therefore, colo- 
colie). This variety occurs in elderly persons. A not infrequent cause is a 
polypoid carcinoma or a benign polypoid growth. 

3. Enterocolic (75 to 80 per cent), in which the ileum invaginates into the 
colon. This is common in infants. In this category there are three distinct 
subvarieties : 

(a) Ileocecal, ®the ileum passing into the colon, with the ileocecal valve as 
the fixed vertex. 

(b) Ileocolic, beginning in the terminal ileum and then progressing into 
the colon. 

(e) Enteric ileocecal, starting as an enteric intussusception, becoming 
wedged in the ileocecal valve, which it pushes forward, and then advancing as 
an ileocecal intussusception, with the valve at its summit. 

Retrograde Intussusception. — ^A retrograde bowel ensheathment is said to 
occur only in the small intestine at the time of death. It is, however, seen 
occasionally during life and may occur at a gastroenterostomy opening. 

Jejunogastric Intussusception. — ^When a gastroenterostomy has both an 
afferent and efferent jejunal loop, the following three varieties of jejunogastric 
intussusception may, on rare occasions, occur as complications within a few 
days or yeais after the anastomosis: 

1. The afferent loop solely may intussuscept into the stomach. 

2. The efferent loop may retrograde and stop short of or pass through the 
gastroenterostomy stoma. 

3. The afferent and efferent loops may intussuscept into the stomach. 

Etiology of Jejunogastric Intussusception. — ^Pregnancy at one time was 

considered an embrjmlogic factor, but the majority of reported cases of jejuno- 
gastric intussusception had no association with that condition and many have 
been described as occurring in men. 

In most instanees the afferent and efferent intestinal loops passed into the 
stomach. 

Symptoms of Intussusception . — In adults the sjTnptoms of intussusception 
are not as prominent as in infants. They are vague in most instances, with 
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signs of mild recurrent obstructions associated witli symptoms of the provoking 
cause. 

There are coliclike abdominal pains, nausea, vomiting, obstipation, and 
bloody stools. 

A mass in the abdomen is commonly not palpable. 

In jejunal intussusception, symptoms usually intermittent may be present 
for months or years. There is' always a history of upper abdominal pain, espe- 
cially after meals. Nausea and vomiting are common. Blood in the stools is 
not as common in jejunal intussusception. 

The abdomen is not distended early, but becomes manifestly so as the 
obstruction progresses. 

On auscultation exaggerated peristaltic sounds may be heard, until com- 
plete obstruction, when one elicits the significant silent abdomen. 

Palpation usually reveals tenderness and rigidity over the involved area. 
(The first may be absent as well as the second, due to the fact that the parietal 
peritoneum is not irritated and that protection is afforded b 3 " the ensheathing 
intussuscipiens.) 

A tumor mass maj' be felt, with or without anesthesia. It is sausage shaped 
and lies transversel}' across and subjacent to the abdominal wall. 

In early cases a barium enema maj^ be given at low pressure and an at- 
tempt should be made to reduce the mass under fluoroscoi:)ie control. This is 
often surprisingly successful in the colic or enterocolic varieties. 

It is almost impossible to reduce the enteric variety merelj^ by rectal 
injection. 

Diagnosis and Differential Diagnosis. — The differential® diagnosis is often 
confusing, with the exception of those instances in which a palpable tumor is 
present. Here the sudden concurrence of an abdominal tumor, usually in the 
right lower quadrant, with the sj'mptoms of intestinal obstruction, is suggestive 
but not absolutely indicative of intassusception. A large bowel malignancy, 
for example, maj' simulate intussusception. 

The diagnosis is mainlj' roentgenographic or surgical. 

Diagnosis of Jejunogastric Intussusception. — If the afferent loop is in- 
tussuscepted, the patient will as a nile complain of (1) postprandial epigastric 
pain with coliclry exacerbations and (2) bilious vomiting. 

The roentgenograms in most instances will reveal a distended afferent loop. 
The opaque meal will demonstrate a rounded filling defect in the stomach (due 
to the intussusception) upon which a relief pattern, the jejunal plicae, null be 
observable. 

If the efferent loop takes a retrograde intussusceptal coui-se, an acute high 
small bowel obstruction results Avith consequent colicky abdominal pain and 
the vomiting of gastric, then bilious, and finallj' intestinal contents. 

If the afferent and. efferent loops intussuscept into the stomach, an acute, 
high obstruction obviously results. 

The frequent difficult differential diagnosis is jejunogastric intussusception 
is due to the fact that the symptoms arc interpreted as the result of other pos- 
sible complications of the gastroenterostomy-stomal inflammation or ulceration 
for example, or complications due to the primary causative factor, a ieaiux g 


perforative or bleeding ulcer. . from 

The differential diagnosis in intnssnseephon mnst ii:ew.se " 

(1) Henoeh’s pnrpnra, (2) acute enteroeoUtis, (3) simple coho, and (4) 

culous mesenteric glands. 
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The Boenigenographic Examination . — The harium enema and examination 
of the abdomen without opaque media are used to diagnose intussusception. 
The opaque or barium enema is preferred by many roentgenologists. 

When an acute abdominal condition is present or suggested by the symp- 
toms, an examination without opaque media is of course preferable. 

In subacute and chronic intussusception in adults it will be found that 
the combined contrast meal and enema examinations will prove most helpful 
in diagnosis. 

The roentgenograms -will reveal (1) dilatation of the gut above the in- 
'' vaginated part, (2) sudden narrowing over a variable length of gut, which is 
the central cylinder of the intussusception, and (3) various degrees of the 
“ ensheathment sign.” 

The plain film manifestations of enteroeolic intussusception are (1) ab- 
sence of the mottled appearance of the cecum, due to slight gas and fecal con- 
tent, (2) collection of gas-distended small gut loops in the region normally oc- 
cupied by the cecum, (3) homogeneous opacity of the intussusceptum, (4) 
peripheral concentric “ringing” by translucent gas, (5) conical stenosis of the 
small gut as it enters the intussusception, and (6) direct visualization of the 
tumor provoking the intussusception. 

Treatment . — 

Palliative: Palliative treatment is justifiable only under the most excep- 
tional circumstances. An early intussusception can sometimes be completely 
reduced -with a pressure enema of water or air. This method is dangerous and 
is better employed in infants and older children. 

Surgical: An immediate surgical operation should be performed as soon 
as the diagnosis is made. Ether anesthesia is best avoided. Spinal anesthesia 
is preferred. A one-stage operation may be performed. 

When a hot pack fails to effect reduction, an attempt should be made, 
according to Cope,* to 1118011; a finger into the neck of the intussusception (be- 
tween the entering and returning layers) and to sweep it around in this space; 
the adhesions are thus broken doivn and reduction facilitated. If this maneuver 
proves ineffective, a rubber-covered forceps is placed in the neck as far as it is 
safely possible and the blades are opened in several places. This procedure 
seiwes the dual purpose of dilating the neck and of breaking doivn recent adhe- 
sions. 

If the aforementioned methods fail, the neck should be divided for an inch 
or more along the antimesenteric border with a pair of forceps. The incision 
is closed transversely to avoid narrowing of the lumen of the gut. 

If the lai'ge intestine is the intussusception site, graded operations are pref- 
erable. Attempts at reduction and pressure should be made over the peak of 
the intussusception, ivith simultaneous light traction on the proximal free bowel. 

In some cases of irreducible, uncomplicated intussusceptions a short-circuit- 
ing operation may be performed. If the intestine is irreducible and gangrenous, 
one of the following expedients may be tried: 

(1) Resection, with end-to-end, side-to-side, or end-to-side anastomosis. 

(2) Jesset’s operation — removal, solely, of the invaginated part of the 
bowel through the encompassing part of the intestine. After the incision in 
the bowel is made, the invaginated part is withdra^vn in a doivnward direc- 
tion as far as possible and cut away. Circular suturing closes the cut margins 
of the amputated, gangrenous bo web The ensheathing part of the bowel is 
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then approximated and united by a through-and-tJirough continuous suture 
whereon a Lembert stitch is placed. A few interrupted sutui-es close the neck 
of the intussusception. 

The circumjacent and contiguous parts are next explored to discover a 
tumor. If it is not found at the apex of the intussusception, the bowel should 
be further examined, both proximally and distally. 

The Management of Prolapsed Sigmoidal Intiissiisceptio7i.—The patient is 
placed in steep Trendelenburg position and a spinal anesthesia is given. 

A firm rubber tube, about one inch in diameter, is passed through the 
lumen of the invagination and the prolapsed sigmoid to a level a few inches 
beyond the site of involvement; a tight rubber band is now passed over the 
invaginated sigmoid to the level of origin of the invagination. The intussus- 
cepted sigmoid subsequently slouglis off because of the two constricting devices 
and an anastomosis is thus established. 

Treatment of Jejunogastric Intussusception— The treatment of jejimo- 
gastric intussusception is alwa 3 's surgical. If the afferent loop is involved, re- 
duction is effected by slight traction. A recurrence is prevented either by 
anchoring the afferent loop to the stomach or to the transverse mesocolon or 
by undoing the gastroenterostomy. Sometimes a gastrectomy, in part, including 
resection of the anastomosis, may be deemed advisable. 

If the efferent loop is entangled, reduction by traction may be found ade- 
quate, birt in delayed cases, with gangrene, resection, obviously, must be car- 
ried out. 

When both intestinal loops are involved, reduction is bj’’ traction. 

Prognosis. — Sometimes there is a spontaneous reduction of an acute intus- 
susception of the recurrent variety. The prognosis, when palliative measures 
prove ineffective, depends, of course, upon early and quick surgical care. 


CASE REPORTS 


Case 1. — S. S., a 49-ycar-old wliite man, a taxicab driver, was admitted to the hospital ia 
February, 1930, complaining of cramplike circnmumbilical pains, nausea, and almost complete 
obstipation of one week’s duration. He had taken several enemas without result. Ten 
years previously he had had an appendectomy and gastric operation for ulcer; the type of 
operation was unknown. 

Present Illness. — The day previous to admission, the patient’s pains became more severe 
and he vomitted a black-colored material on several occasions. Shortly after admission he 
vomited foul, fecal-smelling material. 

Physical Examinatian . — On physical examination, he presented a picture of profound 
shock. He was extremely pallid and peaked and appeared in extremis. General physical 
examination was negative with the exception of the abdomen. The latter presented a right 
lower rectus and left upper rectus scar and was not distended. Tenderness was present all 
over the. abdomen and was .most marked in tbe right lower quadrant where marked rebound 
tenderness was present. The temperature was 101.4° P., pulse, 120; blood pressure, 88/70; 
white blood cells, 15,400 with 86 per cent polymorphonuclear cells. The urine contained a 
faint trace of albumin with many hyaline and granular casts. 


Surgical Procedure . — ^In view of the patient’s precarious condition, no extensive opera- 
;ive procedure was contemplated. That he was suffering from an acute intestinal obstruction 
vas obvious; a scaphoid abdomen was present and there were fecal vomiting and almost no 
mlse. Nevertheless his poor condition demanded an emergency procedure. The ongm o 
he obstruction was believed to be traceable to adhesions from his previous laparotomm^. 
Phe left upper abdomen was opened through a very small incision mea^ring about two 
,ne-half inches in length, parallel to the rib margin, the first ^p^ietal 

secured, and a Senn jejunostomy performed with marsupialization of the bowel to the p 
,eritoneum. A large quantity of free serous fluid was noted in the tte 

ifter the operation the patient showed marvelous improvement. He felt better an 
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pulse was of good quality. There was no vomiting or nausea. Postoperatively as well as 
preoperatively the patient was given largo quantities of saline hy hypodermoclysis and intra- 
venously. Drainage was rather profuse through the jejunostoniy tube, moderate quantities 
of food were retained by mouth, and there were occasional small bowel movements and 
flatus passed. The crampliko abdominal pains persisted, however, at first less severe but 
gradually increasing in severity. Twelve days postoperatively the abdomen was opened 
again, through a lower midlino incision. The small intestine was markedly distended and 
there was found a large intussusception of the ileum through the ileocecal valve into the 
cecum and ascending colon, involving about 25 cm. of intestine. The intussusception was 
easily reduced by slowly milking out the intussusceptum in the accepted manner. The ileum 
was found to be almost black, markedly inflamed, edematous, and lusterless and showed 
evidence of beginning gangrene. A few inches from the ileocecal valve was felt a firm mass 
inside the lumen of the ileum close to the apex of the intussusception. The ileum with the 
encircling mass was brought outside the abdominal wall and a first stage Mikulicz operation 
performed. In this case an artificial anus was established through the small bowel. Due 
consideration and thought were given to the resultant liquid continuous fecal discharge and 
possible progressive malnutrition. However, the patient’s condition, together with the patho- 
logic findings, required heroic yet unorthodox measures. Nevertheless, the end justified the 
means. Drainage through the previous jejunostoiny was maintained through a catheter. 
Three days later, that portion of ileum which had previously been brought outside the ab- 
domen was resected to within a short distance from the abdominal wall by cautery. Nine 
days later a spur clamp was applied in the usual manner and twenty-five days following the 
first stage the continuity of the ileum was rc-estnblis'''.td. The postoperative course was 
entirely uneventful. Three days after the final closure the patient had his first normal bowel 
movement, and two weeks following, was discharged. 

Pathology , — The resected intestine was- 19 cm. in length. At operation there was 
found a cauliflower growth within the lumen of the gut, about 4 cm. in diameter, attached 
to the intestinal wall by a short pedicle. About 2 cm. proximal to this was found a second 
polypoid mass about 3 cm. in diameter, discolored and red, with a smooth surface. This 
growth could not be felt at the time of operation. 

The surrounding intestine was quite edematous. Microscopic examination showed the 
intestinal mucosa to be the seat of a localized area of hyperplasia of the glands from which 
there extended a mass of mucoid substance in which were found strands of deep-staining 
epithelial cells, distorted in outline. Although the superficial portion of the nodule showed 
no tendency to alveolar arrangement of the epithelial cells, the portion adjacent to the ad- 
joining normal mucosa was definitely adenomatous in character. There was an associated 
po jmorphonuclear cell and mononuclear cell infiltration with numerous plasma cells found 
ate base of the nodule in the surrounding intestinal wall. The edema was limited to the 
superficial portion of the mucosa. The pathologist ’s diagnosis was benign adenomatous polvp 
intli mucoid degeneration.* 

Oct ^ ®fi'year-old white man, a painter, was admitted to the hospital 

c . „ , 1939. His chief complaint was paraumbilical pain radiating to the right lower ab- 
dominal quadrant. 

ramily and Past Personal History . — ^Histories were irrelevant. 

Present Illness . — ^The present illness began about one month previously. The patient 
experienced paraumbilical, cramplike pain radiating to the right lower quadrant. There 
was no nausea or vomiting. The attacks lasted several minutes and gradually disappeared. 

or our or five days prior to admission pain was almost continuous. The bowel movements 
^ere regular and there was no melena. 

witl P^omination. — A complete physical examination disclosed no abnormalities, 

To" tl tender mass palpable in the right lower abdominal quadrant, adjacent 

^0 le Tigit side of the umbilicus. The mass was not easily displaceable. Tho blood pres- 
r'nno^”* '’®moglobin, 85 per cent; red blood cells, 4,700,000; white blood cells, 

) ; po ymorphonuclears, 80 per cent ; no basophilic stippling of red blood cells. 

Operation, October 27, two days after admission, an exploratory laparotomy w;is per- 
ormc , irougU a right rectus incision, under spinal anesthesia (procaine). 

Surgical Data . — An intussusception of the lower ileum into the cecum and ascending 
some degree of inflammation about tho involved loops. The in- 
u.susception was released with gentle pressure from the intussuscipiens ; this maneuver 

exposed a firm, indurated ilc.al tumor on the antimcsenteric border, the size approximating a 
fifty-cent coin. 
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Impression. Tlio impression was sarcoma of the ileum. 

Surgical Procedure. — The lower ileum for an extent of six inches and tlie lower ascend- 
ing colon and cecum were mohilized and exteriorized (Laliey teclinique). The protruding 
loop was tlien resected, forming a double-barreled enterostomy. The abdomen was closed in 
layers and petroleum jelly gauze was inserted into the wound around the exposed intestine. 

Pathologic Beport. — A small-cell sarcoma was found infiltrating the rausclaris and serosa. 

Postsurgical Therapy. — nj'podermoclyses of glucose in saline solution were given. Drain- 
ago through the colostomy was profuse. The general condition of patient was satisfactoiy. 
I^ovcmber 5 (ninth postsurgical day), a spur clamp was applied; this fell spontaneously out 
of the wound Xovember 11 (six days after application). 

Examination several days later revealed presence of a small spur, and a clamp was 
reapplied November 20; it fell out again November 23. 

The patient was prepared for .a third stage Mikulicz operation, or closure of the 
enterostomy, wliich w'as carried out, under spinal anesthesia, November 24. 

Postsurgical Course . — ^jYt first the postsurgical course was stormy. The pulse was weak, 
thin, and rapid. The blood pressure was 78/CO. Perspir.ation was profuse and the extremi- 
ties cold. The patient was placed in the Trendelenburg position and intravenous infusion 
of 10 per cent glucose was slowly administered. There was good rc.sponsc in two hours and 
tho general condition of the patient gradually improved. A small amount of drainage, 
fecal in character, appeared through the abdominal wound but stopped in a week. 

The patient was well four years after the operation. 


Case 3. — A. T., a white housewife aged 36 years, was admitted to the hospital Dec. 16, 
1933. She complained of intermittent abdominal cramps, loss of weight, and weakness of 
one and one-half years' duration. The cramps were at first generalized, then of increased 
severity, localizing around the umbilicus; they gradually diminished in severity. Belief 
frequently was obtained by passage of flatus. Tho last, most severe attack began one week 
prior to admission and was accompanied by nausea and a vomiting spell. The weight loss 
was SO pounds in eighteen months. 

On admission the patient was restless, moving from side to side, with thighs flexed. 
The temperature was 103° E.; pulse, 114; and blood pressure, 120/80. 

Physical Examination . — The abdomen was moderately spastic. A sliglitly tender mass, 
about 7 cm. in diameter, was palpable to right side of umbilicus. 

Surgical Procedure . — The following day the abdomen was explored through a rigid 
rectus incision. There was scrosanguineoiis fluid in the peritoneal cavity, and an irreducible 
intussusception of the ileum into the colon as far as the distal third of the transverse part 
was discovered. There were involved loops of intestine and mesenterj-, extremely congested, 
edematous, and adherent. The affected bowel was mobilized, brought to the surface, and 
resected. The wound was closed about tlie two intestinal barrels. The excised mass of in' 
testine, 34 cm. long and 8 cm. wide, included cecum, appendix, and about 30 cm. of invaginated 
ileum. 

Second Postsurgical Pay . — A i-ubber drainage tube was inserted into the proximal open 
ing. The abdomen was soft. The temperature varied between 101 and 102° F.; pulse, 100 
to 120. 

A spur clamp was inserted December 26 (nine days after enterocolectomy) and was 
removed December 31. 

Anastomosis was completed by a third stage Mikulicz procedure Jan. 4, 1934. Four 
days later the patient had the first spontaneous bowel movement. Small fecal discharge 
appeared in the abdominal wound and continued less than a week. 

The patient was discharged from the hospital Jan. 15, 1934, in good general condition. 

Pflthologi/.— Intussusception with areas of necrosis in mucosa and nmscularis of ileum 
and colon was found. There was no evidence of tumor formation. 


Case 4— H B., a white man, aged 33 years, was admitted to the hospital Deb. 13, 
1936 His chief wmplaint was spasmodic abdominal pain of six months' 

intervals and radiating to right and lower abdominal quadrants. The pam at first occur e 
f -ifT hrtime of almission it occurred on alternate days but was of greater mtensi y. 
was no relationship to food intake. There was some loss of weight and the appetite 

"^^7hytZ'°Sir.ation.--A slightly movable mass was found in left upper abdominal 
quadrant. 
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Operation. — ^An operation was performed Feb. 14, 1936, using an upper left rectus in- 
cision. 

Surgical Data. — A large mass, with evidence of subacute or chronic infiammation, in- 
volved a large extent of the transverse colon. The cecum and appendix were missing. The 
lower ileum, with cecum and ascending colon, were found intussuscepted into the transverse 
colon up to the splenic flexure. Intussuscipiens, with lost luster, showed extreme hypertrophy. 
The apex of the intussusception (situated near the splenic flexure), on palpation, gave the 
impression of a mass. There were edema and congestion of the mesentery of the transverse 
colon and small amount of fluid present in the peritoneal cavity. 

Surgical Procedure. — The mass w'as reduced by careful pressure on the intussuscipiens, 
distal to apex of intussusceptum, thereby freeing the bowel. Induration and apparent loss of 
viability of cecum and ascending colon suggested the removal of this part of the intestine, 
including the lower ileum. The condition of the patient made it expedient to carry out 
ileocolectomy, in part, by a multiple-stage procedure. The lower six inches of ileum and 
entire ascending colon, and part of transverse colon, were brought into the wound in the 
manner of the Mikulicz operation. 

Pathology. — Carcinoma of splenic flexure of colon was found. 

Comment, — This case was of special interest because there was a carcinoma in the in- 
tussuscipiens and not in the intussusceptum. 

The patient made uneventful recovery. 

Case 5. — J. A., a 39-year-old white man, a plumber, was admitted to the hospital Feb. 
S, 1941. His chief complaint was abdominal cramps of three weeks’ duration, with nausea 
and gradual loss of weight. 

Physical Examination. — A mass in the left upper abdominal quadrant was discovered. 

Boentgenographio Examination. — There was an obstruction near the splenic flexure. 

Surgical Data. — ^A first stage Mikulicz operation was performed Feb. 16, 1941. In- 
tussusception of the ascending colon into the transverse colon as far as the splenic flexure 
was found. There was extreme edema of walls of transverse colon, as well as of gastrocobo 
omentum, with moderate thrombosis of gastrocolic vessels. 

Surgical Procedure. — The intussusception was reduced, revealing extreme induration 
and swelling at the apex of the intussusception. The necrotic condition of the bowel required 
a multiple-stage resection of the diseased part of the transverse colon. The transverse colon 
was exteriorized up to the splenic flexure and removed by cautery (Feb. 20, 1941) four days 
after the first stage procedure. A spur clamp was applied immediately, but it was found 
necessary to apply another spur clamp six days later in order to remove the residual spur 
about one inch in length. Four days after the first stage procedure a second one was car- 
ried out, with removal of exteriorized loop. A spur clamp was applied March 15, 1941. March» 
22, 1941 (five weeks after the first procedure), continuity of the bowel was re-established. 

Union was per primam, except for a small serous collection subcutaneously at the upper 
angle of the wound. The patient recovered. 

Pathology. — A submucous lipoma of the mid-part of the transverse colon was foimd. 

Case 6. — ^H. H., a 60-year-old white man, was admitted to the hospital March 16, 1942, 
with a history of repeated attacks of abdominal cramps radiating to right loin. He com- 
plained of constipation, slight weight loss during the previous two months, and anorexia. 

Present Illness. — For the sixteen hours prior to admission the patient had had severe 
abdominal pain, cramplike in character, especially on the right side. He had had no bowel 
movement for thirty-six hours, but in the few hours before admission had noticed a slight 
snjjguineous mucoid discharge from the anus. 

Physical Examination. — A slightly distended abdomen with a moderately tender, slightly 
movable, elongated mass in right mid-abdomen was disclosed. 

Surgical Data. — ^A right rectus incision was made March 16, 1942, 

Findings. — An ileocolic intussusception with marked discoloration, edema, and dullness 
of ascending colon was found. The reduced intussuscipien w.as almost black, and at a point 
four inches proximal to the ileocecal valve there was a firm egg-shaped mass about three- 
fourths by one and onc-half inches, app.'ircntly adherent to the anterior ileal walk There 
w.-is a moderate free scrosanguincous fluid in the peritoneal cavitj-. The me.scntery of tho 
lower ileum showed several tiu-ombosed ves.cels. 
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Surgical Procedure.— In view of the patliology found, it was deemed advisable to do a 
side-to-side ileotransverse colostomy and a primarj- resection of the lower ileum and ascend- 
ing colon. 

The patient made an uneventful recovery, and one year later was entirely symptom free. 
Pathology. — Sarcoma of lower ileum was found. 
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AN BIPROYED ]\IETHOD FOR EXTRAPERITONEAL CLOSURE 

OP COLOSTOIMY , 

Thomas A. Shallow, IM.D., Sherman A. Eger, M.D., .and 
YTilliam j. Tourish, M.D., Philadelphia, Pa. 

(Fron} the Samuel D. Gross Surgical Division, Jefferson Medical College Eospital) 

I N ORDER for the surgical closure of a colostomj’- to be successful, it is neces- 
sary to overcome many obstacles which are not present in most other oper- 
ative procedures. The entire operation for re-establishing the continuity of the 
sf bowel must be performed in an infected field and, tlierefore, healing must take 
place in the presence of inflammation in an individual whose resistance has been 
lowered by the primaiy lesion for which the colostomy ivas originally perfonned- 
All of these factors are detrimental to fim wound healing and favor t!ie de- 
velopment of complications. 

Therefore, the purposes of this paper are to present an improved method 
for extraperitoneal closure of colostomy and to demonstrate its advantages in an 
analysis of seventy-five consecutive cases over a ten-jmar period. 


technique 


The operative steps which are preliminaiy to the actual closure of the 
colostomy, as illustrated in Fig. 1 (A to F). are as follows: 

An elliptical slcin incision is made, longitudinally around the colostomy down to the 
anterior rectus sheath, leaving a narrow rim of skin attaclied to the stoma for traction (A 
and B). The subcutaneous tissue is carefully dissected from the anterior rectus sheath an 
bowel wall, leaving a one-inch margin of cleaned fascia around the colostomy (C and D)- 
circumferential incision is then made through the anterior rectus sheath le.aving a one four i 
inch rim of fascia attached to the bowel which will be subsequently utilized as an extra layer m 
the closure (E). The excess bowel and attached rim of skin are now removed (F). 


The operative steps involved in the actual closure of the colostomy, as illus- 
trated in Fig. 1 {G to L), are as foUows: 

Closure of the bowel in its transverse axis is accomplished by the use of ”a 
stitch reinforced by the Lembert stitch ((? and E). The circumferentml nm 
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(described previously and illustrated in Fig. IF) is approximated longitudinally by a con- 
tinuous suturo (I). This is the most important step because it provides an additional firm, 
supportive layer for the closure and also relieves tension on the intestinal suture lines beneath, 
which favors rapid healing and thereby reduces the incidence of local complications such as 
fecal fistula, wound infection, dehiscence, and hernia. Tension sutures are then inserted at 
one-inch intervals through the skin, passing beneath the margins of the anterior rectus sheath 
(J). The anterior rectus sheath is approximated by mattress sutures so spaced ms to allow 
for drainage between them (Jt). A Penrose drain is placed in the depth of the wound and 
protrudes from both ends of the incision, after which the tension sutures are tied to approx- 
imate the skin and subcutaneous tissue (L). 

The average operating time for this procedure was found to be thirty-five 
minutes. 

ANALYSIS OF SEVENTY-FIVE CASES 

In this series (Table I) it was found that the average age was 51 years and 
that females predominated by 12 per cent. Furthermore, of the lesions necessi- 
tating colostomy, the malignant predominated over the benign in the ratio of 
2.5:1. 

Table I. Incidence of Seventy-Five Colostomy Closures 



1 SEX 

1 

PAT) TO 00)C LESION 


AOE j 

I • 1 NO. 1 

% 1 

1 NO. 1 

% 


Extremes 

Males 

33 

44 

Malignant 

53 

70.(5 

23-75 yr. 

Females 

42 

50 

Nonmalignant 

22 

• 29.4 

Average 




Folj-p 

5 


51 yr. 




Diverticulitis 

6 






Chronic volvulus 

4 






Stricture 

4 




/ 


Ulcerative colitis 

2 






Regional enteritis 

1 



In an analysis of the relative time factors incident to closure of these 
colostomies at their various locations (Table II), it was found that the average 
interval between the performing of the colostomy and its closure was twelve 
weeks, but that this varied with the pathologic lesion so that it was six weeks 
in the group of malignancies and twenty-six weeks in tlie benign. This time 
factor was increased in the latter (enumerated in Table I) because of tlie neces- 
sity of specific interval therapy before the colostomy was closed, and was found 
to be fifty-one weeks in diverticulitis and approximately fifteen weeks in each 
of the remaining lesions in this group. It was further revealed that the mini- 
mum time interval between the colostomy and its closure was three weeks,- allow- 
ing ten days before the spur was crushed and another ten days before the colos- 
tomy was closed. This occurred only in the group of malignancies. 

Pollomng colostomy closure, in all locations it was found that normal stools 
appeared after an average of five days and that the average hospital stay was 
three weeks. A significant finding was that the period required for complete 
healing of the operative ■ site averaged four weeks. Further analysis revealed 


Table H. Time Factors Belated to Colostomy Closures 




preparation period I 

1 CONVALESCENT PERIOD 



1 TIME BETWEEN 

PERIOD 

HOSPITAL 

PERIOD 



COLOSTOMY 

SPUR CRUSH 

BEFORE 

STAY 

FOR 



AND 

AND 

NORMAL 

AFTER 

COMPLETE 


KO. OP 

IPCR CRUSH 

CLOSURE 

STOOLS 

CLOSURE 

HEALING 

LOCATION 

CASES 

(WEEKS) 

(WEEKS) 

(DAYS) 

(WEEKS) 

(WEEKS) 

Sigmoid 

31 

9 

5 

5 

3 

4 

Transverse 

29 

5 

4 

5 

3 

5 

Descending 

10 

9 

o 

4 

3 

4 

Cecum 

5 



5 

3 

2 

Average 


7 

5 

5 

3 ' 

4 
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that 94.6 per eeut (seventy-one cases) were healed within five weete, of which 
66.6 per cent (fifty cases) required two weeks, 17.4 per cent (thirteen cases) 
equired three weeks, and only 10.6 per cent (eight cases) required five weeks. 
_ The results in this series are shown in Table III. Primaiy healing occurred 
in sixty-one cases (81.3 per cent). There were ten instances (13.3 per cent) of 
fecal drainage. Of these, six healed without additional surgery^ within five 



Fig. 1 A to F . — Operative steps preliminary to the actual closure of the colostomy. 
Colostomy with healed original Incision. JJ, Elliptical Incision around colostomy down 
anterior rectus sheath, leaving narrow rim of skin attached. O and p, Plssectlon or 
taneous tissue from anterior rectus sheath and bowel wall leaving one Inch margin or ciea 
fascia around the colostomy. B, Circumferential Incision through anterior rectus sneam 
tag a one-fourth Inch rim of fascia attached to bowel. F, Excision of rim of skin and aaj»>- 
excess mucous membrane from the colostomy stoma. 
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weeks, and two in six months. One persisted for one year, at which time tiie 
tract was dilated sufficiently to pennit further crushing of the spur which was 
followed by complete healing in seven weeks. The remaining case, of five 
months’ duration, necessitated secondary operative closure after the residual 
spur was crushed ; healing then took place in three weeks. 

Although some degree of inflammatory reaction occurred in all the wounds 
in this series, in only four eases (5.3 per cent) did it extend beyond the usual 



u — Operative steps in the actual closure of the colostomy. O- and B, Closure 

axis by the Connell stitch overlaid by the Lambert stitch. /, Cir- 
Si? * . -*^* ^^ ^ctus fascia approximated longitudinally by a continuous suture. 
icnsion sutures inserted through skin, passing beneatli margins of anterior rectus sheath. 

rectus shcatli closed by mattress sutures. L, Tension sutures approximating skin 
and subcutaneous tissue; Penrose drain protruding from both ends of Incision. 
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Table III. Results in SnraNTY-FivE Colostoxiy Closukes 





CECUM 

TRAN'S- 

VERSn 

DK.SCKKD 

ING 

SIGMOID 

NO- 

% j 

xo. 

NO. 1 

ICO. 1 

[ XO. 

Primary healing 

(51 


5 

22 

9 

25 

Fecal drainage with dela 5 ’ed healing 

8 

lO.C 


4 ■ 

1 

3 

Fecal drainage requiring secondary 

1 

1.3 




1 

spur crush 







Fecal drainage requiring secondary 

1 

1.3 


1 



spur crush and operative closure 







Wound cellulitis without fecal drain- 

4 

5.3 


2 


2 

age 








five- to seven-day pei’iod, and in no instance vas surgical interference neeessarj'. 
The average time for the cellulitis to subside in these four eases ivas three 
weeks. 

There were no deaths in this series attributable to complications resulting 
from closure of the colostom3\ However, one death occurred on the twenty-sixth 
postoperative daj'’ due to uncontrollable hemorrhage from a coexisting carcinoma 
of the stomach as proved by autopsy. 

SUSIJIARY AND COXCLUSIONS 

A teclinique for extraperitoneal closure of colostomy, as employed in 
seventy-five consecutive eases, is desci’ibed and illustrated. The keystone of this 
method is a fascial rim of external I’cctus sheath which is left adherent to the 
bowel wall and is utilized as an extra laj’er in the closure. This added, fii-m sup- 
port relieves tension on, and enhances healing of, the intestinal suture lines be- 
neath, thereby minimizing complications. 

In an analysis of this series we have found this method to have the ad- 
vantages of being safe and easily performed with a minimum of complications. 


DYNAhllCS OF BILIARY DRAINAGE 

Its Rel.ation to Cholangitis and Pancreatitis From Stricture 
OF THE Ampulla of Vater 

JIajor John M. McGowan,® JIedical Corps, Army of the United States 

pHE purpose of this presentation is twofold. First, it demonstrates how a 
L minor stricture of the ampulla of Vater can lead to a series of pathologico- 
hysiologic disturbances involving the pancreatic and biliary systems. Secon , 
, affords an excellent opportunity for a step-by step study of the therapeu le 
leasures based on physiologj- necessaiy to restore conditions to normal. ^ ^ _ 

Following surgical removal of the gall bladder, the patient’s ^ 

erv often no better than before the operation. The poor results reported to 
ig biliary surgeiy can be explained on two bases. First, an 
lay have been made preoperatively. A gall bladder removed f ^ 
ased on pathologj^ in another organ or on psychoneurosis can be ot 
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to the patient. Furthermore, a young woman from whom a normally function- 
ing gall bladder has been removed is left with a biliary tract which has not had 
time to accustom itself to the absence of the pressure-regulating mechanism of 
the gall bladder. A whole series of symptoms may develop in connection with 
the biliaiy system which the patient did not have prior to operation. Second, 
even after a diseased gall bladder is removed, continued symptoms may follow 
because of inability of the surgeon to pay attention to the physiology of the 
biliary and pancreatic systems. The actual cholecystectomy is only a part of the 
treatment for the patient’s .condition. The liver, pancreas, and extrahepatic 
biliary tract must be carefully studied for evidence of pathology and treated ac- 
cordingly. 

Following removal of the gall bladder, the postoperative care of the patient 
begins in the operating room. One of the most important things in this connec- 
tion is the T-tube drainage of the common bile duct. The indications for opening 
the common bile duet at the time of operation have been clearly defined by 
numerous writers and are generallj’’ accepted. Some of these indications are: 
a history of repeated chills or jaundice, the presence of palpable stones in' the 
common bile duct, pancreatitis, a markedly dilated duct. When the duct has 
been opened and a thorough search for stones made, a T tube should always be in- 
' serted for prolonged postoperative biliary drainage. 

Besides its therapeutic benefits the T tube serves as a means for studying 
the biliary and pancreatic systems. T-tube studies are usually begun two weeks 
after the operation. These consist of pressure and roentgenologic studies. In a 
previous communication^ it was shown that duodenal spasm is a very important 
factor in preventing bile from running into the duodenum. The resulting back 
pressure in the common duet often leads to pain. This duodenal spasm was 
shown to be aggravated by morphine and to be completely relieved by amyl 
nitrite and nitroglycerin. The ease referred to in this report is not, however, one 
in Avhieh duodenal spasm is a prime factor. It is a case of pancreatitis, 
cholangitis, and cholecystitis, all believed to be due to a stricture of the ampulla 
of V ater at the duodenal mucosa. 

RESTING INTRABILIARY PRESSURE 

The method of intrabiliary pressure studies has been previously reported.^ 
The apparatus essentially consists of a spinal fluid manometer connected to the 
T tube in the patient’s bile duct. Between the two is a glass Y tube through 
which saline solution may be added to the apparatus from an ordinary in- 
travenous bottle. The patient is in a prone position in bed. The zero level of 
the manometer is placed at the level of the xiphoid. The resting intrabiliary 
pressure is an index of the degree of obstruction to the flow of bile into the 
duodenum. The pressure normally lOins from 0 to 30 mm. of Avater above the 
xiphoid level. If there is more pressure than this, the cause must be sought. 
It may be due to spasm, stricture, edema, panci’eatitis, or stones. In the ease 
of spasm the pressure is promptly reduced by inhalation of amAd nitrite.® Four 
deep inhalations should be taken by the patient immediatelj' after the ampule 
IS broken. In some cases, the spasm is superimposed on some organic cause, in 
Avhich case the pressure Avill be onlj* partially relieved by this method. Cholangio- 
graphic studies Avill determine Avhether or not there is obstruction from pan- 
creatitis, stone, or stricture. Spasm may also be detected by tliis method. Hoaa'- 
cver, the degree of obstruction can be determined only by pressure studies. The 
cholangiogram in Pig. 12J indicates that there is obstruction at the loAver 



472 


SURGERY 


end of the common bile duct. Because this disappears in Pig. 10, one may 
assume that this obstruction is from a spasm. Eoentgenologically, this spasm 
appears to be of severe degree. However, the pressure studies show that this 
spasm represents only 50 mm. of water pressure. Since the seci'etion pressure 
of the liver is around 300 mm. of water, this degree of obstruction offers rela- 
tively little resistance to the flow of bile into the duodenum. 


PERFUSIOX PAIX LE\XL 


When the common bile duet is perfused with saline solution at increasing 
pressures, there comes a point when the patient experiences a sensation of dis- 
comfort. The pressure reading at tliis point is referred to as the perfusion pain 
level. This is measured in the following manner. A pressure apparatus is con- 
nected to the T tube. The S 3 ’stem is filled with saline solution from an in- 
travenous bottle. The intravenous bottle is then lowered rmtil the level of solu- 
tion in the bottle is the same as that in the manometer. The tubing connecting 
the bottle -tvith the system is left open. The intra-^-enous bottle is then gradually 
elevated. This results in gradually increasing pressure in the bile ducts and 
manometer. If no pain is experienced at 700 mm. water pressure, no further 
pressure is added. The first uncomfortable sensation which the patient feels, 
whether it he that of distention or actual pain, is used as an index of the pain 
level. The perfusion pain level is believed to be an index of the degree of inflam- 
mation within the biliary tract. It is very common to find a perfusion pain level 
of around 70 mm. of water'three weelvs after operation. "With continued T-tuhe 
drainage the bile duct will become more resistant to pressure so that at the end 
of two to three months it will tolerate 500 to 700 mm. water pressure before pain 
is produced in the same individual. If the T tube should be removed when 
the pain level is low, ono might expect that the patient would continue to have 
pain. If, on the other hand, the pain level is 500 mm. of water pressure, one 
would not expect that patient to suffer from postcholecystectomj' pain because 
tlie secretion pressure of the liver is only 300 mm. of water, leaving a margin 
of 200 mm. water pressure before the pain ievei could be reached under normal 
circumstances. 


After the pain level is determined, the patient is given % gr. morphine to 
test how much pressure will develop with duodenal spasm. This also seives 
as an index of the possibility of future postcholecystectomy pain. The amount 
of pressure produced by morphine spasm varies greatly between patients. An 
older woman, past the menopause, wiU frequently have a morphine pressure 
rise of no more than 50 mm. of water pressure. Such a patient would not be 
expected to suffer from biliarj' dyskinesia since this pressure would produce pain 
in only the very rare case of a patient with an extremely low pain level. On the 
other hand, if a morphine spasm produces a pressure rise of 300 mm. water 
as frequently occurs in young women, one would expect that patient to have 
attacks of postcholecystectomy pain. Such attacks can be relieved by inhala- 
tion of amyl nitrite or sublingual administration of nitroglyceiin. 

Pig. lA shows a common duct with some narrowing at the lower end. Tins 
narrowing is not sufficient to produce any obstruction to the flow of bile. _ Tbe 
resting pressure level in tlus instance was zero. Although roentgenological y 
there is some narrowing at the loAver end of the bile duet due to a “o^era 
degi-ee of spasm of the duodenum, this is not sufficient to impede the How 
M? tato the deedenum at a rate eqaal to that produced hy the hr.. Tte 
Irphine response as indicated in Fig. IB would lead one to belter, that tlus 
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commS^bile hepatic duct; 3, point at -which the lower end of the 

ampulla of Vater • musculature of the duodenal wall; i, pancreatic duct; 5, 

mon duch ’ ’ 7, duodenal tube passed through the nise ; 8, T tube in cim- 

the commori\M'e*'dMr-?' “^^sree of spasm of the duodenum. The intramural portion of 

panci^eatTc duct ® definitely narrowed. The intramural portion of the 

common bile duct sTnPP 1 ^ f ^ narrowing for a shorter distance than that of the 

fact that the media rpmii-V!Vi^"®'l duodenum at a right angle rather than obliquely. The 
there is some obstrii?^n^'^?'*2 from the common bile duct to the pancreatic duct shows that 
A spastic duodenum ampulla of Vater. This could be the nature of a fibrosla 

denum to ovei-Ian m? narrowing since it would cause the folds of the duo- 

directly encourace rerrurMt^?/^' muscle spasm of the duodenal wall, however, would not 

duct tunnels th^ duortpn?i^®*^*®i? pancreatic duct of bile in this case since the pancreatic 

Is no regurgitation nf an independently of the common bile duct. Note also Uiat there 
carried at rf™iar in?pr,!i^’^'".'" stomach. On the other hand, the barium is being 

is not much ^asm downward into the jejunum, a condition which exists where there 

from intection'^or othcrwfse^'^”'^®'"’"' probably not much irritability of the biliary tract 

The d^o^num^fs^ nn^®'in^®,!I minutes after subcutaneous administration of morphine, gr. 1/6. 
Pletely shut off L the rpnmf'" common bile duct is com- 

into Oie stomach as im?!Pnfps°‘^J‘’‘SL There is regurgitation of barium through the pylorus 
pylorus. The Condition In ^’’® rugal markings above 7. This Indicates a relaxed 

with a reciprocal relavn Inn second portion of the duodenum is associated 

the vomit 

Indicating that there '^''®''® '? ® regurgitation of media into the pancrtatlc duct 

a fibrosis as a rcluh nf n^n narrowing at the ampulla of Vater other than spasm, probably 
the stomaSf T^frm-lnrl? .’’n';?'’'?"® <J«o<3®"‘«s. Ntatp that there is no reflux of birium iX 
toward the jejunum."^ ® ‘°"® vv^O'-^ved. Peristalsis now Is in a downward StacUon 
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spasm was of a severe nature. However, pressure studies show that this only 
produces an obstruction sufficient to elevate the intrabiliary pressure to 50 mm. 
of water, well below the secretion pressure of the liver. This patient would 
^ not be expected to have any further trouble fx’om biliary d 5 'skinesia or the so- 
called postcholeejmteetomy s 3 mdrome particularly since the pain level is 500 mm. 
of water pressure. However, if the pain level were to be decreased markedly 
bj' cholangitis and the resting intrabiliarj’^ pressure increased by some organic 
condition such as inflammation of the head of the pancreas, one might expect the 
pain to occur in this case. Such a possibility is preventable by prolonged 
intrabiliary drainage, as will be later sliovoi. 


X-RAY OF THE BmiARY TRACT 


X-raj’’ of the biliary tract is done by injecting diodrast into the common 
bile duct through the T tube. The relation between the biliary tract and 
duodenum' may be studied at the same time bj^ injecting barium into the 
duodenum through an indwelling duodenal tube. In this way tlie relationship 
between the common bile duct, pancreatic duct, and duodenum can be studied. 
The diodrast is injected slowlj' until one feels a sensation of pi’essurc against the 
plunger of the syringe, a total of 10 e.c. is usually enough. The injection is then 
stopped and the x-ray taken. At the same time, 60 e.c. of a thin solution of 
barium are injected through the duodenal tube into the duodenum. If the 
patient experiences pain at any time, the injection is stopped and the picture 
immediately taken. A series of three pictures are usually taken, one with the 
patient in the resting state, one following injection of morphine bj' ten minutes, 
and a third following deep inhalation of amyl nitrite bj' one minute. Cholangio- 
grapliic studies will reveal the presence of stone, stricture, spasm, or pancreatitis. 

Fig. lA is a combined eholangiogi’am and duodenogram taken with the 
patient at rest. This shows a moderate degree of spasm of the duodenum in- 
dicated by a narrowing of this oi’gan. The common bile duct enters the 
duodenum diagonally, showing a definite narrowing in the intramural portion of 
the common bile duct. There is considerable regurgitation of media into the 
pancreas. The pancreatic duct enters the duodenal wall in a different spot from 
that of the common bile duct. The intramural portion of the pancreatic duct 
is shorter since it enters the duodenum at a right angle. Since the two ducts 
tunnel the duodenal wall separatety, one may assume that the regurgitation of 
media from the common bile duet into the pancreatic duct is due to some obstnic- 
tion at the ampulla of Vater. This is due to a narrowing of the opening in the 
duodenal mucosa in this area. 


It is believed that this stricture is the first lesion in the chain of events, 
resulting in regurgitation of bile into the pancreas producing pancreatitis. 
Following injection of morphine, in Fig. IB, there is no regurgitation into the 
pancreatic duct. The reason for this is that the spasm of the duodenal wall 
has separated these two ducts. Fig. 1C shows a completely relaxed duodenum. 
The media runs freely from the common bile duct. Again there is some 
regurgitation into the pancreatic duct, indicating that spasm was not a factor 
in'the production of this chain of pathologic disturbances. 

I have made similar studies on several hundred eases over the past ten 
'veai-s The results will be reported later. These studies indicate that one 
leave the T tube in place until the foUowing criteria have been satisnea. 


1. The resting intrabiliary pressure must not be over 30 mm. 

2. The perfusion pain pressure should be as high as 500 mm. water o 
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' 3. KOenlgenograms of llie common bile duct should show a free flow of 
media from the common bile duct into the duodenum ivith no evidence of stones 
or obstruction from edema or pancreatitis. 

4. Two weelvs following operation the T tube should be clamped at increasing 
periods of time starting with one-half hour twice daily and increasing by one 
hour per day. When the tube is being clamped off twenty-four hours of the day, 
one should wait another three weeks with a symptom-free patient before the 
tube is removed. At an 3 '’ time the patient has symptoms, the tube should be 
opened. 

In this particular ease there was a recurrence of pain of a biliary nature 
.situated in the right upper quadrant of the abdomen, radiating around the sub- 
costal margin and into the scapular regions ten days after the tube was clamped 
continuously. This attack was accompanied bj'' chills and fever. There Avas 
prompt relief when the tube Avas opened. Continuous drainage Avas then 
instituted for another Aveek. Gradual clamping Avas started again Avith perma- 
nent beneficial effects. After three Aveeks of haAung the tube clamped off all the 
time, it Avas removed. The patient has had no recurrence of sjTnptoms since 
that time. 

CASE REPORT 

A 39-year-old white woman, a civilian dependent, was admitted to the Ashburn 
General Hospital, McKinne 3 ’, Texas, IMaj' 28, 1944. Chief complaints were: (1) Pains in 
the right upper quadrant of the abdomen ladiating into the scapular region, of one and one- 
half year’s duration; (2) repeated attacks of dial rhea accompanied by blood and pus in the 
stool and repeated abscesses of the ischiorectal region for the past two years; and (3) 
intermittent chills and fever of one and one-half year’s duration. 

' Past Eistory. — ^The patient had typhoid fever in early childhood. At the age of 13 
and again at the age of 18, she had malaria. In August, 1943, she had an attack of malaria; 
parasites were found in the blood. There was a history of chills and fever in 1939, diagnosed 
as pyelitis. In the years 1942 and 1943 she had repeated ischiorectal abscesses which were 
incised and drained. She was left with a persistent fistula-in-ano which was excised April 20^ 
1944, in a civilian hospital. The wound from this operation continued to drain until her 
admission to this hospital. 

History of Illness at Time of Admission. — One and one-half j'ears before admission the 
patient began to suffer from sharp pains in the right upper quadrant of the abdomen, fifteen 
minutes after meals. The patient usually vomited, with complete relief. Pain radiated 
through to the right scapular region. Because of the inability to retain food, the patient’s 
weight decreased from 180 to 130 pounds. 

Physical Examination. — On admission the abdomen was flat. There was some tender- 
ness in the epigastrium and in the right upper quadrant over the gall bladder region. The 
patient was in such a poor state of nutrition at tlie time of admission that it was deemed 
inadvisable to give her a dye in order to x-ray the gall bladder. A flat plate of the abdomen 
taken at that time was negative. There nere healing wounds in the region of the anus, the 
site of previous operations for fistula-in-ano. 

Progress in Hospital. — The patient was put on bed rest and bland diet on admission. 
She improved considerably. The discharge of blood and pus from the rectum continued. 
At 4:00 A.ir., June 7, 1944, the patient developed a sudden severe pain in the right upper 
quadrant of the abdomen. This was more severe than it had been on any previous occasion. 
It kept her awake the remainder of the night. She vomited considerably. At 9 A.jr. the white 
blood count was 15,000. Phj-sical examination at that time revealed considerable tenderness 
over the gall bladder with a moderate degree of spasm of the muscles in this region. At 
3 I’.M. of the same daj- the pains became eien worse and were more diffuse over the abdomen. 
The white blood count rose to 25,000. Physical examination at that time revealed a great 
deal of spasm and tenderness over the upper part of the abdomen, with tenderness and rebound 
tenderness extending even to the left lower quadrant. Because of the severitj’ of tlie sjTnp- 
toms, it was decided that immediate operation was necessary in spite of the poor state of the 
patient’s nutrition. The operation was done, using local anesthesia supplemented by gas 
oxj'gcn and ether inhalation anesthesia. 



476 


SiniOERY 


Operative Findings. The gall bladder was markedly distended to three times its nor- 
mal size. The walls of the gall bladder were very thickened and edematous. There was a 
considerable amount of purulent plastic exudate around the gall bladder, the gastrohepatic 
omentum, and common duct. There was a great deal of free semipurulent fluid in tlie peri- 
toneal cavity. The common duct was enlarged to the size of a thumb. The pancreas was 
greatly inflamed and thickened. This inflammation spread over the head and all of the body 
of the pancreas. It was approximately G cm. in thickness in its anteroposterior diameter. 

Operative Procedure. — A right upper quadrant midrectus incision was used. The 
gall bladder was removed from below upward. It shelled out readily from its bed. The com- 
mon duct was opened and explored ; no stones were found. A T tube was placed in the common 
duct for continued prolonged biliary drainage. The gall bladder did not contain stones. 

Postoperative Convalescence. — The patient had an uneventful postoperative convalescence. 
Two weeks postoperatively routine pressure studies were made on the bile duct, and cholangio- 
grams were taken. The resting intrabiliarj' pressure was 0. The pressure following injection 
of morphine was 50 mm. of water, the perfusion pain pressure was 500 mm. of water. Eoent- 
genographic examination taken at rest showed the duodenum to be in a moderate state of 
spasm. There was some narrowing of the lower end of the common bile duct and there was 
some regurgitation of bile into the pancreatic duet (Fig. lA). Following injection of 
morphine there was a great deal of duodenal spasm (Fig. li?). Following inhalation of amyl 
nitrite, the duodenal spasm was completely relaxed and the media flowed freely from the 
common duct into the duodenum (Fig. 1C). There was still some regurgitation of bile into 
the pancreatic duct indicating a small degree of stricture at the ampulla of Vater. 

Clamping of the T tube was then begun, beginning with one-half hour twice a day 
and increasing by one-half hour twice a day. After the tube was clamped off continuously 
night and day for a period of ten days, the patient developed chills and fever. She also 
complained of a pain in the right upper quadrant of the abdomen radiating into the right 
scapular region. The tube was then opened and drainage re-established. These symptoms 
promptly cleared up. After drainage for another week, the clamping began as before. This 
time the clamping continued until the tube was completely clamped off for a period of three 
weeks, and the patient was entirely symptom free. The T tube was then removed. The 
patient has been symptom free since that time so far as the biliary tract is concerned. 

Postoperatively, pus and blood continued to be discharged from the rectum. Proctoscopic 
examination revealed the presence of ulcerative colitis, moderately severe. Roentgenologic 
examination of the colon confirmed these findings. She was then given sulfasuxidine for 
one week followed by sulfathiazole for another week with excellent results. The discharge 
cleared up. The number of stools were reduced from ten a day to one a day. 


DISCUSSION 


The chain of events in this case occurred probably as follows : The narrow- 
ing of the outlet of the ampulla of Vater resulted in regurgitation of bile from 
the common bile duct into the pancreatic duct. Pancreatitis developed. The 
swelling in the head of the pancreas produced obstmetion of the common duct, 
resulting 'in cholangitis and cholecystitis. When the gall bladder contracted 
in an attempt to empty the bile into the duodenum, the regurgitation of bile 
into the pancreatic duct increased. This aggravated the pancreatitis. Cholan- 
gitis and cholecystitis were made worse, and so a vicious cycle resulted. One 
■would expect removal of the gall bladder to reduce the potential intraductal pres- 
sure to that of the secretion pressure of the liver and so tend to cut do^vn the 
regurgitation of bile into the panergas. ' In such case, therefore, cholecystectomy 
would be expected to be beneficial in clearing up the pancreatitis. 

The patient had periodic attacks of chills and fever. Since she lived in a 
malaria area, this syndrome constituted a diagnostie problem. It is very pro 
able that several of the alleged attacks of malaria were actually due to cholangm ^ 
Cholangitis should always be considered as a cause of chills and 
ctalecystetomy in this type o£ case must be looked upon as oriy o™ « g 
correction of the physiologicopothologio disturbances present. Contmu ___ 


prolonged drainage of the common 


duet must be considered of great impoitan 
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In general, in the postoperative care of patients with diseases of the gall 
bladder, the use of opiates should be avoided since they produce marked duodenal 
spasm and back pressure in tlie common duet. However, in a patient with T- 
tube drainage, duodenal spasm can do no great haim since there is an escape 
of bile through the T tube. It has been found that dilaudid is a much more 
desirable analgesic in these cases since it produces less duodenal spasm. Occa- 
sionally even dilaudid produces nausea and vomiting from duodenal spasm. This 
effect can be neutralized by the addition of nitroglycerin, %t)o gr. to each dose 
given. In using nitroglycerin to relax duodenal spasm, one must be sure to 
obtain a brand that has a consistent potency. Some of the brands studied, par- 
ticularly the tablet triturates, were found to be relatively inert. The hypodermic 
tablets are more consistent in their potency. The nitroglycerin granules are 
more desirable for sublingual administration. 

In the case reported, the spasm was not of a prime factor, since the com- 
mon bile duct and pancreatic duct entered the duodenal wall through different 
tunnels. If the pancreatic duct and common bile duct had joined before enter- 
ing the duodenum, as occurs in some cases, the use of morphine would be very 
detrimental. In such eases the spasm would produce an obstruction beyond the 
union of the two ducts and so result in more regurgitation of bile into the 
pancreas. The roentgenogram shown in Fig. IB indicates that the duodenal 
spasm acts separately on the two duets and that there is no regurgitation into 
the pancreatic duet in spite of marked duodenal spasm. 

Just what relationship the chronic ulcerative colitis had to the pancreatitis 
and cholangitis is difficult to say. It is very probable that the disturbance of 
nutrition Ss a result of malfunction of the pancreas and liver resulted in lower 
tissue resistance and was a factor, at least, in the persistence of the ulcerative 
colitis. With this in mind, a great deal of attention was paid to the patient’s 
nutrition. She was given liver extract intramuscularly and was given all the 
vitamins as well. The reason for giving sulfasuxidine -and sulfathiazole alter- 
nately is as follows: The sulfasuxidine acts within the bowel lumen, reducing 
the number of bacteria present. However, it has no beneficial effects at the base 
of the ulcers or in the lymphatics in the bowel wall. The sulfathiazole takes 
care of the latter. 

SUMMARY 

1. A case is presented in which it is believed that stricture of the ampulla 
of Vater produced a regurgitation of bile into the pancreatic duct and pan- 
creatitis. Pancreatitis then^produced obstruction to the common bile duct and 
gall bladder resulting in cholangitis and cholecystitis. 

2. Cliills and fever, common sjmiptoms of cholangitis, may be confused 
with malaria in malaria areas. 

3. Removal of the gall bladder is only one step in the right direction in the 
treatment of chronic pancreatitis and cholangitis. It should be accompanied by 
T-tube drainage of the common bile duet. The T tube should not be removed 
until all evidence of pancreatitis and cholangitis have disappeared. 

4. Spasm of the duodenum, an important factor in postcholecystectomy 
syndrome, is of no importance in this particular case since the common bile 
duct and pancreatic duct enter the duodenal wall through separate tunnels open- 
ing into the ampulla of Vater inside the duodenum. 

5. The T tube must not be removed too early. It should not be removed 
until: (a) The resting intrabiliary pressure is 30 mm. or less of water; (b) 
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the perfusion pain level is 500 mm. or more; (c) roentgenologic studies of the 
common bile duct show the absence of any obstruction to tlie flow of bile into the 
duodenum. Finally, the T tube should be continuously clamped for a period of 
tliree w^eeks with the patient entirely symptom free. 
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SPONTANEOUS RUPTURE OP LOWER COLON WITH EVISCERATION 
OP SklALL INTESTINE THROUGH THE ANAL ORIFICE 
A CosiPLic.vTioN OF Advanced Rectal Prolapse 

Samuel ]\IcLanahan, M.D., Baltimore, Md., and 
Lieutenant ]\Iurray L. Johnson, jMedic.vl Corps, U.S.N.R. 

(From the Surgical Service, Union Memorial Hospital) 

T he protrusion of loops of small intestine through the anal orifice is a bizarre 
sight which has only occasionally been observed. It depends upon certain 
etiologie factors and pathologic states which are interesting to consider. A 
survey of the literature reveals only six previously recorded cases. Our case, re- 
ported herewith, has stirred us to seek a common explanation for this rare type 
of evisceration in these several patients. A review of case histories brings to 
light the fact that in six spontaneous cases, including ours, the patients were 
knoivn to be previously afflicted with an advanced state of rectal prolapse (pw>' 
cidentia) ; the seventh, and remaining case, that of a young girl, was caused by 
severe crushing trauma without antecedent prolapse. Consequently, it can be 
stated that rectal prolapse is an etiologie factor of prime importance in the oc- 
currence of this rare type of evisceration. And conversely, one can classify 
spontaneous rupture of the lower colon and evisceration through the anal orifice 
as a definite complication, though an unusual one, of advanced rectal prolapse. 


CASE REPORT 

J. T. A., a 76-year-old unmarried woman, was admitted to the Union Memorial Hospital, 
the evening of Oct. 15, 1942. Since June, 1933, she had been, a patient at the Homo for 
Incurables, afflicted wdth advanced chronic arthritis. She had been Imown to suffer from 
hemorrhoids and had been examined by one of us (S. McL.) several years previously in con 
nection with an extensive rectal prolapse, which had been the cause of considerable dis ress. 
However, she was able to be up and about a part of the time and could feed and care for 
self. The following description of what took place late in the afternoon of Oct. 15, j ' 
supplied by the nurse who attended her. “In an attempt to get from the commode o 
S “ at.,., fel. .. .h. SI., w.. to.nS « .h. 

the lower intestines hanging from the rectum and a moderate amount of ^ 

same. I was able to observe persistalsis of the intestmes Intestmes ter 

Sterile linen and the patient lifted into bed.” The medical director of the Home 
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immediately and requested surgical help. Fig. 1, drawn from a colored photograph taken at 
the time, illustrates the general appearance of the cvisceiation. The patient was transferred 
at once to the Union Memorial Hospital. 

Upon examination, temperature was 98° F., pulse 84 heats per minute, and respiratory 
rate 20. She looked her age, and was somewhat senile mentally. She did not appear to be in 
much pain, nor did she present the usual characteristics of shock. There was a marked dorsal 
kj’phosis with ankylosis of tl;kO spine and an ankylosis of both hips in a position of 35 
degrees of flexion. The heart and lungs presented no gross abnormality. The abdomen was 
not distended and its walls were moderately well relaxed. The most remarkable finding was 
the presence of approximately five feet (152 cm.) of small intestine lying between the 
patient’s thighs, the loops having eviscerated by way of the anal orifice. The serosal sur- 
faces were apparent. The color was good and normal peristalsis was taking place. There was 
no protruding rectal mucous membrane. Examination of the anal canal showed the sphincter 
to be very relaxed. The afferent and efferent loops were definitely traversing the anal canal 
and the site of their egress from the peritoneal cavity could not be determined. 



from colored photograph showing evisceration of small intestine through 
anal ormce following rupture of the lower sigmoid in a case of recurrent rectal procidentia. 


A future attempt was made to manipulate gently the intestinal coils in order to replace 
them. Laparotomy was decided upon and under ether anesthesia a low midline incision was 
made (M. L. J.). When the peritoneal cavity was opened, the explanation of the trouble was at 
once apparent. There was a rent in the anterior wall of the sigmoid colon, about six inches 
(15 cm.) above the peritoneal reflection on the rectum. This rent was about 2 ^^ inches (6 i 
cm.) long and did not appear to repiesent a pathologic area in the colon. Through it was 
protruding a large part of the small intestine, much of which in turn passed through the anal 
orifice to the exterior. The intestine was quickly drawn back into the peritoneal cavity, 
caro being taken to sponge off any visible foreign particles. It was found that the loop of 
sigmoid which had been tom would reacli to the anterior abdominal wall and consequently it 
was brought out through a left muscle splitting incision as a colostomy. This was done ivith 
the idea of avoidmg a repetition of the accident which had just occurred. Crystalline 
sulfanilamide in tho amount of 7 Gm. was placed in the peritoneal cavity, 3 Gm. being used 
for tho wound margins. The wound was quickly closed with buried chromic catgut and silk 
in tho skin, and tho patient left tho operating room in fair condition. 

Thero was no significant delation of temperature or pulse during the postoperative 
period, nor was there vomiting or distention. On the day following operation, the leucocytes 
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numbered 6,600 and tbe liemoglobin was 76 per cent. Despite intramuscular administration 
of prostigmine and pitressin, no bowel movement occurred. Quietly but quickly she died, about 
eixty-two hours after operation. ’ 

Post-mortem examination disclosed a w-idespread confluent pneumonia, and on the 
right side an e.sophagopulmonarj- fistula, the walls of which showed evidences of acute inflam- 
mation. Within the abdomen there were many fresh adhesions and several small abscesses, 
indicating peritonitis. The stomach and duodenum were moderately distended. There was 
marked arteriosclerosis. 4 '- 

The following are abstracts of six previously reported cases. 

Case 1 (Moultoni). — The patient was an insane man who had acquired the ability to 
produce rectal prolapse and inversion at will. One day the attendant discovered him with a 
loop of small intestine two feet in length hanging with its mesentery from the rectum. There 
was a tear in the wall of the rectum through wliich the small intestine protruded. The patient 
was said to have died in thirty-six hours “from shock.” There was no operation. 

Case 2 (Guibe^). — A 7S-j'ear-old woman gave a long history of rectal prolapse. Having 
an imperative desire to go to stool one day and making a violent effort, she experienced a sharp 
pain and a mass of small intestine escaped through the anal orifice. The following morning, 
a laparotomy was performed under local anesthesia, and it was neeessarj- to resect 130 cm. 
of gangrenous, protruding bowel. There was a tear, 3 cm. in length through the anterior band 
of the sigmoid, about 10 cm. above the cul-de-sac. This was closed. Eight days later, a fecal 
fistula developed. After six weeks she left the hospital with a small fistula, but became 
cachectic and died one month later. 


Case 3 (Guided). — ^A 77-j’ear-old woman with a history of prolapse of the rectum 
fell down the stairs, sustaining a painful contusion in the region of the coccyx and experiencing 
a sensation of something breaking. Upon examination it was ascertained that 1.5 meters of 
small intestine and 30 cm. of sigmoid and descending colon were protruding from the anus. 
The rupture was situated at the intraperitoneal part of the rectum about 3 cm. above the 
base of the cul-de-sac. The rent was 9 cm. long and the bowel was otherwise in good condition. 
The rectum was sutured, peritoneal cavity irrigated, and sigmoidostomy performed. She 
died on the fifth day with signs of peritonitis. Autopsy showed that “the loops of intestine 
for a distance of 2 meters terminating at the ileocecal valve were dark red and there were 
many suffusions of blood in the intestine and mesentery.” 


Case 4 (Moskalenkos). — This patient was a 52-ycar-old woman with a fifteen-year history 
of rectal prolapse. On the morning of admission she had defecated, apparently out in the 
fields, when seized with a sudden severe cough. She experienced an immediate, sharp abdominal 
pain during which her intestines were extruded through the rectum. Wlien first seen, the 
intestines were cyanotic and covered with earth and straw. Her general condition was faw- 
Laparotomy was performed fifteen hours after the accident. Fecal soiling of the peritoneum 
was present. About one-half of the small bowel had prolapsed outside and resection of this 
amount was necessary. The tear in the rectum, 8 cm. in length on the anterior surface near 
the bottom of the pouch of Douglas, was sutured. The patient died in twenty-four hours of 
heart failure. At autopsy attention was directed chiefly to the cul-de-sac of Douglas. It was 
found that this pouch was much deeper and fuller than normal and that when pressure was 
applied, only a thin layer of bowel wall intervened to prevent extrusion of the abdomina 
viscera. 


Case 5 (Erlikhmana<). — A 45-year-old laundress with a history of rectal prolapse was 
stricken with a severe pain in the lower abdomen while Carrying a heavy load of wet laundry. 
There was an evisceration through the rectum of almost the entire small intestine. Laparotomy 
was performed under ether-cliloroform anesthesia; the intestines were pulled back into 
toneal cavity and washed with normal salt solution. The rectal wound, which was on J 
anterior wall of the pelvic portion of the rectum, was sutured in two layers. The patient i ^ 
in sixty-four hours with generalized peritonitis. E.xamination of the ruptured area or 
rectum revealed an ulcer measuring approximately 9 by 1.5 cm., running 
long axis of the gut. The microscopic examination of the ulcerated portion o± 1 1 
vealed an ordinary scarred ulcer having no specific characteristics. 

Case 6 (Zena, D.=).-(This was not a spontaneous rupture but one 
external violence.) A 12-year-old girl suffered multiple injuries ^“aparotomy, 

Approximately 80 cm. of small intestine were found to protrude from the an 
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the iutestiae was replaced and the injured area of the rectum excised and sutured. A drain 
was introduced. The patient was out of danger in two days. Anal incontinence and some 
diarrhea were present for a short time, but complete recovery eventually occurred. 

DISCUSSION 

Manif estly, in an otherwise normal individual, the complication to be ex- 
pected to accompany a rupture or laceration of the intestine is the free passage 
of intestinal contents into the peritoneal cavity. In this less common type of 
rupture of the intestine, the prime eomplieation is the passage of peritoneal 
cavity contents into the lumen of the bowel and, indeed, on to the outside. 
Both Lynch® and Bacon^ in their textboolcs have mentioned rupture of the pro- 
truding rectal w^all with e\dsceration as a serious but infrequent occurrence in 
rectal prolapse. The pathologic anatomy which pemits intra-abdominal forces 
to tear the lower intestine in this fashion is, of course, the root of the trouble. 

In advanced rectal prolapse or in procidentia, a single thickness of the wall 
of the upper rectum or sigmoid is called upon to assume all of ■ the intra- 
ahdominal stress without the aid of the normally supporting structures. Among ' 
these structures are the intact pelvic floor and the competent anal sphincter. 
In women, the area of rectal waU subject to the greatest stress is that which lies 
anteriorly in Douglas’ cul-de-sac. The very fact that its serosa is reflected 
anteriorly and finally becomes fixed contributes in no small measure to the 
susceptibility of this bowel segment when the proper forces are in effect. With 
the rectum in a prolapsed position and with the hernia-like pouch formed by the 
anterior wall of the rectum and sigmoid filled -with small intestine, it is not 
difficult to appreciate how rupture and sudden evisceration may occur. 

Wangensteen® quotes the work of Hay (1940) in determining the breaking 
strength of the human bowel removed at operation. In a series of ten patients 
the bursting strength was noted to vary between 80 and 260 mm. of mercury, 
truly a Avide range. This type of experiment, however, represents a different 
approach to the problem as it deals with intraluminal pressures and is not- 
entirely applicable to external (intraperitoneal) pressures and stresses. 

There is little to advance or suggest with regard to treatment. The patients 
must be managed according to accepted principles for abdominal trauma, which ' 
Avill necessarily mean laparotomy with repair of the defect. Keseetion has been 
carried out several times. It is a situation requiring judgment and initiative 
adapted to each case. The results in the reported cases have been poor. Of the 
SIX spontaneous ruptures, five were operated upon and only one patient survived 
for one month. The young girl Avho had a traumatic rupture -with evisceration 
unaccompanied by an antecedent prolapse recovered. It is true that advanced 
■ age and unfavorable physical condition often accompanied the immediate 
catastrophe. Consequently, it may be concluded, as in other types of large intes- 
tinal wounds and perforations, that the prognosis is not good. This very fact of 
poor prognosis, however, presents an added reason for the early surgical correc- 
tion of rectal pi’olapse before it reaches an advanced and complicated state. 

CONCLUSIONS 

1. A case of spontaneous evisceration of small intestine through the anal 
orifice following a rupture of the sigmoid colon is reported. 

2. A reriew of six previously reported similar cases reveals the interesting 
fact, that in five of these as well as in our oAvn, the patients had had a pre-existing 
roetal prolapse. 
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3. This observation leads to the conclusion that rectal prolapse (procidentia) 
is an etiologic situation of prime importance in the occurrence of thisirare type 
of evisceration. 

4. The pathologic anatomy permits the requisite force to be directed against 
the anterior wall of the rectum or colon in a manner to cause rupture when 
procidentia exists and when that wall is no longer supported by the intact pelvic 
floor and the competent anal sphincter. 

5. The poor prognosis in this late complication presents an added reason 
for the early correction of rectal prolapse. 
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THREE HUNDRED FIFTY-TWO CASES OF TETANUS 
Roald T. Vinnard, M.D., New Orleans, La. 

(From the Charity Hospital of Louisiana) 

T here were 352 patients with tetanus treated in the Charity Hospital of 
Louisiana at New Orleans during the ten-year period of Nov. 1, 1934, to 
Oct. 31, 1944. The total mortality was 45 per cent. There has been 
viously published in the medical literature four articles which together with 
this one, review the treatment given all patients with tetanus treated at 
Charity Hospital during the years of 1906 to 1944. In 1935, Boyce and 
McFetridge^ reported 185 cases, with a mortality of 59.5 per cent for the 
period from Jan. 1, 1930, to Oct. 31, 1934. In 1930, Graves^ reported 217 cases, 
with a mortality of 52 per cent for the period from 1923 through 1929. Li 
1916, Gessner and Adiger® reported 368 cases covering the period from 1906, 
with a mortality of approximately 70 per cent, and in 1924, Graffagnino and 
Davidson* brought this number of cases to 596, with a mortality for the com- 
bined series of 67.4 per cent. , 

Vener and Bower,® in 1941, reported 100 cases during an unstated period 
from the Los Angeles County General Hospital, with a mortality of 29 per 
cent. They, together with McKillop,® had reported, in 1933, a series of 13i 
eases, with a mortality of 50 per cent. Moore and Singleton,^ in 1939, reporte 
102 cases from 1906 to 1939 at the John Sealy Hospital in Cf^lveston, Texas 
with a mortality of 50 per cent. Kirtley® of Nashville, Tenn., reported 60 ca 
from 1925 to' 1938, with a mortality of 46.6 per cent. In 1940, Dietnc 
ported 28 eases ffom the Children's Hospital in Hollywood, Calif., wntii 
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tality of 47 per cent. He emphasized the fact that from 1921 to 1932, 12 of 
15 of these children died, while from 1932 to 1939 only 1 of 13 children died. 
He attributed most, if not all, of 'these deaths to faulty methods of adminis- 
tration and to too large doses of the tetanus antiserum. 

The yearly distribution and mortality of this series are shown in Table I. 

Table I 


NUMBER OF 
CASES 

year 

NUMBER OF 
DEATHS 

PER CENT 

5 

Nov. & Dee., 1934 

3 

60 

V 41 

1935 

21 

51 

32 

1936 

20 

51 

33 

1937 

13 

40 

41 

1938 

24 

58 

24 

1939 

11 

46 

43 

1940 

21 

" 49 

42 

1941 

17 

40 

26 

1942 

8 

30 

31 

1943 

11 

35 

34 

1st 10 mo., 1944 

9 

26 

Total 352 


158 

45 


One of the main purposes of this article is to emphasize the markedly low- 
ered mortality of 31 per cent among the 91 consecutive cases of the last three 
years and to outline the therapeutic program which, it is believed, wll further 
lower the tetanus mortality rate. 

The njonthly distribution and mortality are given in Table II. It is inter- 
esting to note that in general the summer months show a higher incidence of the 
disease but have a much lower mortality. . 

Table II 


MONTH 

NUMBER OP 

CASES 

DEATHS 

PER CENT 

Jan. 

21 

14 

67 

Feb, • 

14 

7 

50 

March 

27 

16 

59 

April 

33 

20 

61 

May 

42 

14 

33 

June 

39 

12 

31 

July 

33 

11 

33 

Aug. 

27 

11 

41 

Sept. 

46 

16 

35 

Oct. 

36 

19 

53 

Nov. 

19 

10 ' 

53 

Dec. 

15 

8 

53 

The ratio and comparative mortality of age, race. 

and sex are listed in 

Table III. 




Vener and Bower® 

reported a mortality 

in their 

series of 52 per cent 

among 25 females and a 

mortality of 21.3 per cent among 75 males. It is ap- 


Table III 




NUMBER OP 



RACE, SEX, AGE 

CASES 

DEATHS 

PER CENT 

Negro 

217 

103 

47 

'V\9uto 

135 

55 

41 

Male 

229 

106 

46 

Femnlo 

123 

52 

42 

Adults (over 12 yr.l 

189 

91 

48 

Children 

163 

67 

41 
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parent from this tabulation that no such higher female mortality existed in 
this series, ■which in fact sho'ws a surprisingly uniform rate of mortality for 
age, race, and sex. 

DIAGNOSIS 

In the diagnosis of tetanus the familiar pattern of recent injury, trismus, 
dysphagia, stiff neck, generalized rigidity, and con-nilsions probably provides at 
least as consistent a symptomatologj’’ as does any communicable disease. Need- 
less to say, there are variations and atypical clinical pictures. It is certain, how- 
ever, that if tetanus -ivere seriously considered in the differential diagnosis of 
any patient presenting t'wo or more of these symptoms, veiy few cases of tetanus 
■would be misdiagnosed. 

In this series there were 26 cases which apparently presented certain definite 
sjTnptoms or signs of tetanus, but iv'hich were unrecognized by the physician at 
the time of the first examination. Twenty-two of these patients 'u’ere seen in 
the emergency or admitting rooms of Charity Hospital by interns or residents, 
and 4 were seen by private physicians. 

Of the 4 patients who ■\vere seen by private physicians, 1 who had com- 
plaints of trismus and generalized rigidity was diagnosed as having worms and 
sent home ; 1 patient who ■\vas ha^ving convulsions had no diagnosis and wns sent 
home, as were the other 2 patients who had speech impairment, trismus, and 
.some muscular rigidity. 

Eight of the patients ■udio were seen at Charity Hospital were sent home; 
3 of them gave a history of having con^vulsions, and the other 5 had two or more 
of the symptoms of trismus, stiff neck, muscular rigidity, or contractions. 

Certainly the criticism, if any, of the handling of these cases should be 
directed not toward the failure in diagnosing them correctly, but rather the 
failure to hospitalize and study any patient presenting such symptoms. Dietrich® 
stated that of the 28 cases in children reported in 1940, only 17 were diagnosed 
as tetanus at the time of hospital admission. 

Fourteen patients ■were admitted to the hospital and treated for variable 
lengths of time (one to seven days) under various diagnoses before the diag- 
nosis of tetanus was made and antitetanus treatment instituted. The tentative 
diagnoses on these patients were as follows : deferred, 3 ; hysteria, 3 ; meningitis, 

3 ; carcinoma of esophagus, 1; chronic otitis media and mastoiditis, 1 ; pneumonia, 
1; cellulitis of face, 1; 'undiagnosed autopsy, 1. The mortality for this group 
of patients was 14 deaths, or 56 per cent. There were also 2 cases tentatively 
diagnosed as tetanus until they came to autopsy. One of these patients "(vas 
found to have a generalized peritonitis and toxemia from a traumatic perforation 
of the right colon. The other had pulmonary tuberculosis and a brain tumor. 


PEOPH^SXtiXIS 

It is estimated that an average of 65 patients daily has received anti- 
tetanus serum at Charity Hospital for the last ten years. This would give a 
total of 237,250 patients recei^ving the serum during this period of time. 

Ten patients who had received a prophylactic dose of antitetanus serum 
at the Charity Hospital emergency rooms within twenty-four hours ® 
injury later developed tetanus. Six of these patients died, a mortafity of bU 
per cent. Nine of these patients had received 1,500 units of antitetanus 
The remaining patient received a double dose of mixed antitetanus and gas 

gangrene serum. . _ rinritv 

Assuming that all patients who received antitetanus serum at ‘ * 

Hospital return there for treatment should tetanus develop, we find a moi . 
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for tetanus of 24 per million of those who receive the prophylactic antitoxin. 
This compares favorably with the records of the Bureau of Vital Statistics, 
which give an annual mortality in the state of Louisiana of a\)OUt 40 per 
million of population. 

The records of the Bureau of Vital Statistics^® reveal that tetanus is most 
prevalent in the states immediately surrounding the Gulf of Mexico. Tlic 
incidence steadily diminishes as one iJrogresses northward. It is rare in the 
far northeastern states and in the states Avest of the western borders of Texas, 
Kansas, Nebraska, and ^Minnesota, except for a moderate incidence in Ai’izona 
and California. 

The list of injuries from which tetanus has developed in this series in- 
cludes many insignificant scratches, minor abrasions, or minute puncture 
wounds. When one considers hoAV many of such types of injuries are received 
each year by the aA’^erage person it is clearly illogical to expect or to suggest 
that antitetanus serum be gnmn for each such injury. HoAvever, from studying 
the types of Avounds from Avhieh most of these cases of tetanus have developed, 
there emerge certain Amry definite indications in the tetanus-prcAmlent areas 
for debridement and prophylactic antiserum. Lay people should be educated 
to recognize these indications and to seek medical care for each such type of 
injury. Foremost among these are puncture Avounds, second are splinters, and 
third are all secondarily infected and suppurating wounds. To these may 
,Avell be added burns, subdermal lacerations, and infected surgical incisions. 
It shoiAld also be remembered that the duration of the passive immunity pro- 
duced by the antitoxin is not more than eight or ten days, and should there- 
fore be repeated at such intervals for Avounds that remain open or chronically 
infected for longer periods of time. It is also believed that especially in the 
more tetanus-prevalent areas no physician can safely treat any traumatic 
lesion, hoAvever insignificant, Avithbut also administering antitetanus serum. 

For minor traumatic lesions Avhich Avill not receiAm a pfij’^sician’s care, 
probably the next best insurance against tetanus is an immediate thorough 
scrubbing of the Avound Avith soap and Avater. This treatment is, of course, 
entirely ineffective in conditions preAuously described in Avhich debridement 
and antitoxin are definitely indicated. 

It is hoped that the time will come soon AA'hen routine immunization by 
tetanus toxoid among the population of tetanus-prevalent areas Avill be done. 
Certainly the efficacy of such a procedure has been proved by the experience 
of the Armed Services in World War II, and at present appears to be the only 
knoAAm solution to the prevention of the disease. The United States Army 
method of toxoid administration^^ is to give three injections of l-c.c. each at 
monthly intervals, followed by a booster dose of 1 c.c. at the end of tAAmlve 
months, and thereafter an additional 1 c.c. in the event of an injury, providing 
more than six months haAm elapsed since the previous injection. 

CLASSIFICATION OF C.A.SES 

For a more detailed study the cases have been classified according to origin 
of infection as folloAA's tetanus neonatorum, gjmecologic, surgical, chronic skin 
lesions, \inknoAvn, and traumatic. These Avill be considered separately. 

Tctamis Ncoiiatoruvi (11 Cases ). — There were 11 patients Avith tetanus neo- 
natorum in the series, all of whom showed evidence of umbilical cord infection. 
Six of these patients died, a mortality of 55 per cent. One of these patients died 
on the first hospital day, 2 died on the second, 2 on the third, and 1 on the ninth 
hospital day. Of the 5 Avho recovered, their period of hospitalization A'aried 
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from twenty-one to forty-five days, an average of thirty-three days. The age 
of the patient at the time of onset of symptoms varied from 8 to 12 days. 

Three were unattended deliveries, 2 at home where no dressing was placed 
over the umbilicus of 1, and 1 was bom in an automobile ; 2 others were also 
home deliveries, 1 attended bj’’ a private physician and 1 attended by a medical 
student. The circumstances of birth of the other 6 are not recorded. All 
these patients were hospitalized and antitetanus treatment instituted within 
from two to 'four days of onset of sjouptoms. Six of them received 20,000 to 

25.000 units of antitetanus serum intramuscularly on admission. Three of 
these died on or before the third day and the other three recovered. One 
patient received 20,000 units intravenously on admission, but received no sub- 
sequent doses and died on the third day. One patient received 60,000 units 
intravenously and 20,000 units intramuscularly on admission, with no subse- 
quent doses, and died on the ninth day. Three patients received 40,000 or 

50.000 units intramuscularly on admission, 2 of whom recovered, and the other 
1 died on the third day. Eight of the 11 patients received no debridement, of 
whom 5 died. Umbileetomy was done on 3 patients of whom 1 died. 

It would seem well at this point to re-emphasize the fundamental prin- 
ciple of giving antitoxin to children, namely that the antitoxin is to be given 
in sufSeient quantities to neutralize the toxin. A focus of infection will pro- 
duce as much toxin in an infant as it Avill in an adult. Hence, 7 io reduction in 
the amount of antitoxin for a child or infant, however small, is permissible. 
The inescapable conclusion is that the mortality for this particular group of 
patients could have been appreciably reduced by routine umbileetomy and 
initial doses of 80 to 100,000 units of antiserum by the intramuscular and in- 
travenous routes. 

Sta'gical (11 Cases ). — Eleven of the cases followed a surgical procedure. 
Six of these patients died, a mortality of 55 per cent. The periods of incubation 
varied from two to twenty days, an average of nine days. Five of these cases 
followed extraction of teeth, from which 3, patients died. One case followed a 
combined appendectomj' and tonsillectomj', 1 a hernioplasty with resection of 
bowel, 1 a hysterectomy, 1 a ganglionectomy, and 1 an excision of a cheek 
lesion. The incisions of all these patients showed evidence of gross infection 
from one to four days before the signs of tetanus developed. The remaining 
case followed a hj'podermic injection by a private physician to a school child- 

Chrmic Sldn Lesions (9 Cases ). — There were 9 cases where the site of in- 
fection was thought to be in chronic shin lesions which had been present for at 
least several months. Six of these patients died, a mortality of 67 per cent. 
Four of these patients had chronic leg ulcers, 1 had an infected skin rash, 1 a 
chronic sore on the penis, 1 multiple decubitus ulcers, 1 a chronic draining 
osteomyelitis, and 1 an infected draining ear.' 


Gyneeologic (14 Cases ). — There were 14 patients vith gjmecologic tetanus, 
6 of whom died, a mortality of 43 per cent. Twelve of these followed abortions, 
8 of which were induced by mid\vife manipulations, 1 was self-induced ivith a 
catheter, and 3 were recorded as of unloiown cause. One case developed foUon- 
ing an uncomplicated hospital delivery, and the remaining patient 
tetanus following an-induced labor on an eclamptic by means of a \ oorne 

m he 

Unknoivn (38 Cases).~ln 38 of the cases no history of any injury con 
elicited and no possible site of infection found. Twelve of these patients 
a mortality of 32 per cent. 
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Table W 

t 


LOCATION 

NUMBER OF 
CASES 

atorage 

INCUBATION 

PERIOD 

(DAYS) 

DEATHS 

PER CENT 

Lower extremity 

205 

12.C> 

91 

44 

Upper extremity 

42 

10.2 

24 

57 

Head 

17 

8.6 

9 

53 

Trunk 

2 

10.5 

0 

— 

Multiple 

3 


1 

33 


Traumatic (269 Casesj— Two ]nnidred sixty-nine cases in the series gave 
a definite history of recent injury or presented a traumatic site of infection. 
The incubation period varied from 1 to 100 days, an average of twelve daj's. 
The anatomic distribution was as shown in Table IV. 

The distribution of the types of wounds is listed in Table V. 

Table Y 


WOUND 

NUMBER OF 
CASES 

average 

INCUBATION 

PERIOD 

(days) 

DEATHS 

PER CENT 

Puncture 

101 

12.7 

50 

50 

Splinter 

69 

10.2 

30 

43 

Laceration 

54 

11.9 

26 

46 

Scratch 

11 

f.2 

5 

45 

Abrasion 

16 

9.0 

6 

38 

Burn 

3 

20.0 

1 

3,3 

Bite (1 dog, 1 rat) 

2 

30.0 

1 

50 

Compound fracture 

3 

11.7 

3 

100 

Crushing 

3 

14.7 

1 

33 

Amputation of finger 

2 

10.0 

0 , 


Multiple 

4 



1 

25 

Abscess 

1 

5.0 

0 



Of the 101 puncture wounds, 71 were from nails, 7 unknown, 5 tacks,- 5 
bone, 3 pins, 2 wires, 2 pitchforks, 2 rakes, 1 ice pick, 1 needle, 1 shoe nail, 

1 steel tong. Of the 69 splinters, 58 were wood, 3 thorns, 2 steel, 1 soybean 
barb, 1 weed, 1 bone, 2 shells, and 1 unknown. , Of 54 lacerations, 18 were 
caused by unknown objects, 16 by glass, 4 brick, 3 tin, 2 shell, 2 cement walks, 

2 knives, and 7 miscellaneous. The ages of the patients in this group ranged 
from a few months to 74 years. It is very evident that no age or class of 
people is immune and that no injury is too trivial to cause tetanus. 

In an attempt to evaluate the relationship between the length of the 
incubation period and the mortality rate, 253 patients were selected who gave 
a definite history of injui’y Avith a known incubation period (see Table VI) . 


Table VI 


INCDBATION 

PERfOD 

(DAYS) 

1-5 

6-10 

11-15 

16-20 

20-50 

51-100 


number op 

PATIENTS DEATHS PER CENT 


43 19 44 

U7 60 62 

60 22 37 

24 7 29 

26 7 27 

3 0 — 


These statistics agree with the generally accepted ^dew that longer in- 
cubation periods are associated with lower mortality rates. The presence of a 
lesser mortality rate among the patients in the one. to five-day incubation 



488 


SURGERY 


period group than in the six- to ten-day group is in decided contrast to most 
other published series of cases. However, it should be remembered that all 
cases with a history of a very short or a vexy long incubation period should be 
regarded with some doubt, as the tx-ue cause of infection may have occurred 
uxxnoticed or forgotten at some other time. 


TREATMENT 


The experimental work of Firor^" indicates that the tetanus toxin is cax-ried 
fx’om the focus of infection by the Ijmxphatics and blood vessels. In the tissue 
of the central nervous system the toxin is altered by some unlmoxvn ixTeversible 
process to foriix a new toxic substance wliich circulates in the blood and which is 
not neutralized or affected by tetanus antitoxin, and which in sufficiently large 
quantities produces death. It folloxvs then that once a lethal amount of toxin 
has been fixed by the central nervous system, no amount of tetanus antitoxin 
or other therapy will alter or affect the fatal termination of the disease. Since 
it is impossible to tell in any given case when a fatal amount of antitoxin- 
x’esistant toxin has been produced, this knowledge should in no way influence 
the treatment of any patient. It mxxst be remembered that very severe symp- 
toms and convulsions maj’- result from less than a fatal amount of toxin. 

i 

If one accepts this concept of a constant progressive building up to\vard a 
fatal amount of antitoxin-resistaxit toxin, the importance of immediate ad- 
ministratioxx of sxxffieient amounts of antitoxin by the most effective route 
becomes clearly apparent. At any hour or even minute the fatal amoxmt of 
antitoxin-resistant toxin may be accumulated and the disease at that moment 
progresses from a curable to an ineux’able one. 

For the initial treatment then in any case tentatively diagnosed as tetanus, 
the folio-wing steps are suggested in the order given. First, determine that 
the patient is not sensitive to the axxtiserum by a skin test. This can be read 
in fifteen mimxtes, during -^vhich time the antiserum can be prepared and the 
patient sedated if necessary. If the sldn test is ixegative, 50,000 to 60,000 units 
of antiserum diluted in about 300 c.c. of nox’mal saline solution shoixld be 
started intravenously immediately and allowed to be absorbed in thirty to 
forty minutes. An equal amount may be administered intramusculax’ly at the 
same time. Should the skixi test be positive, desensitization by the- standard 
procedure must be carx'ied out and usually two or more hours must elapse 
before intravenous administration of antiserum can be begixn. This delay is 
regrettable, bxxt unavoidable in the case of serum-sensitive patients. 


Obviously no form of treatment is complete without a complete excision 
and eradication of the primary site of infection where the toxin is being con- 
stantly produced. This then should be the next step in the initial treatment. 
Under local or general anesthesia, as indicated, a complete and radical debride- 
ment or excisioxx must be done rvheixever possible. In eases where mxiltip e 
possible foci of infection exist or -where no history of trauma is obtainable, 
the entire surface of the body should be inspected and all possible foci of in- 
fection excised or debrided. The further local treatment of these excise 
areas is probably adequately cared for by applications of some oxidizing su - 
stance such as hydrogen peroxide or zinc peroxide. , 

Firor^* recommended an initial dose of 50,000 units of nufisernm ™ 

venously, 10,000 to 20,000 units locally arou^ “^fdving 5,000 

debridement, and 20,000 units iiitraspinally. He followed tlus by g 
units intramuscularly daily for eight to ten days. 
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At Cliarity Hospitcal during tiic last three or four years most of the tetanus 
patients have received 40,000 to 60,000 units of antiserum intravenously and 
an equal amount intramuscularly on admission. The subsequent administra- 
tion has varied from repeating a similar dose on the second day with none 
thereafter to giving from 10,000 to 40,000 units daily for eight to ten days. It 
should be remembered that in cases where the foci of infection cannot he 
found or removed, much larger doses of the antitetanus serum should be con- 
tinued daily for a longer period of time. Prior to about 1939, much smaller 
amounts 'of antiserum were customarily administered. Only 2 patients in the 
series received the antiserum intraspinally, both of whom lived, and only 11 
patients received a local infiltration of antiserum around the wound site, of 
whom 4 died. Several authors have presented eAudence that ihtraspinal ad- 
ministration of antiserum is not only without therapeutic value, but is prob- 
ably harmful. Piror,^= Jensen,^^ Cardness,^'' Weinstein and Beaeham,^'^ and 
Vener and Bowen® have advocated the use of iutraspinal administration and 
Aud,^® Kirtley,® Dietrich,® and Boyce and McPetridge^ have emphasized the 
high incidence of severe, and in many eases fatal, reactions, especially in chil- 
dren, following such intrathecal administration. It is rather difficult to con- 
ceive of the efficacy of intrathecal administration in view of the now quite 
conclusive evidence that tetanus toxin once fixed in the tissue of the central 
nervous system is no longer neutralized by antitoxin. 

The importance of good nursing care of these patients cannot be over- 
emphasized. The mortality of severe tetanus eases will not be appreciably 
decreased until each of these patients can be under constant supervision by a 
specially trained and experienced nurse. 

In the further treatment of the patient there has been no routine pro- 
cedure or set of orders. The following orders are presented as being fairly 
representative of the care that most of these patients received subsequent to 
the initial treatment : ♦ 

1. Weigh patient 

2. Chart intake and output 

3. Keep gastric tube in stomach continuously 

4. Provide special tube feedings every four hours 

5. Give 3,000 to 4,000 c.c. of fluids daily 
' 6. Turn patient frequently 

7. Keep room darkened and quiet 

8. Have only one attendant in the room at one time 

9. Provide continuous nasal oxygen 

10. Aspirate mouth and pharynx whenever necessary 

11. Give ephedrine sulfate 1 per cent nose drops every three 
to four hours 

12. Administer atropine, gr. Mso, every six to eight hours 

13. Provide sulfadiazine, 1.0 Gm., every four hours 

14. Give sodium bicarbonate, 2.0 Gm., every four hours 

15. Use Trendelenburg position 

16. Furnish avertin, 70 to 90 mg. per kilogram of body weight 
reetally every six hour’s for restlessness 

17. Administer phenobarbital, gr. 2, every four hours as neces- 
sary to keep patient well sedated 

18. Give sodium amytal, gr. 7i4, intravenously as necessary 
for control of convulsions 
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The rationale of most of these oi*ders is apparent. Atropine is given to 
aid in producing muscular relaxation as well as to decrease the respiratory 
tract secretions in a heavily sedated patient. The high caloric and high vita- 
min tube feedings are vitally important in the care of these patients. A patient 
who is having generalized muscular contractions is undoubtedly burning up a 
great deal of energy and must be pro^^ded with an intake of at least 3,000 to 
4,000 calories daily. The administration of sulfonamides in therapeutic doses 
has become practically routine since 1941. This has been concomitant with a 
markedly decreased mortality rate. It is believed that the sulfonamides have 
an important role in lessening the mortality rate by helping to eliminate bron- 
chopneumonia as a complicating cause of death. Of the 158 deaths in this 
series, 32 were recorded as being complicated by bronchopneumonia. It is 
highly significant that only 2 of these patients received any sulfonamide 
therapy and each of these 2 received the drug for less than thirty-six hours 
before death. 


It is believed that the four important factors in decreasing the mortality 
rate are (1) early adequate amounts of antitoxin, (2) complete debridement 
of the focus of infection, (3) adequate sedation, and (4) sulfonamide therapy. 
As far as could be ascertained from studying the charts, nearly all these pa- 
tients received faii'ly adequate sedation, attained principally by the use of 
avertin rectally and barbiturates orally, via stomach tube or parenterally. 
There was, however, considerable variation in the administration of the other 
three lifesaving measures. A detailed study of the effect of the administration 
or omission of these three measures on the mortality rate is presented. 

Of the 158 deaths in the series, 59 occurred on or before the second day. 

- , As far as could be ascertained from these charts, the great majority of these 
deaths occurred within twenty-four hours of beginning of treatment plus the 
addition of a few others who died within thirty-six hours. It is believed that 
these patients may properly be considered as being moribund upon admission 
and that none of the known methods of treatment, however used, could have 
saved their lives. Not included in this group is 1 patient who died on the 
second day following an intravenous injection of curare. This leaves 158 
minus 59, or 99 patients to whom the term of preventable or net mortality is 
applied in contradistinction to the previously mentioned moribund group. 

An interesting observation concerning this moribund group is that only 
63 per cent were Negroe.s, which is the same percentage as is the number of 


Negroes to the total group. This indicates that at least in this series, contrary 
to generally prevalent opinions, the Negroes did present themselves for treat- 
ment in approximately the same stages of the disease as did the white patients. 

This leaves 293 patients who were not moribund upon admission, of whom 
99 patients died, a net mortality of 34 per cent. Along with other therapeutic 
measures, 184 of these patients received debridement of the foci of infection, 
65 of whom died, a mortality of 36 per cent. Seventy received sulfonamide 
therapy, of whom 22 died, a mortality of 31 per cent. One hundred twenty- 
nine patients received an initial dose of antiserum of 40,000 or more umts 
intravenously and 20,000 or more units intramuscularly. Forty-two of these 
patients died, a mortality of 32 per cent. Of this latter number there were 40 
patients who received a higher initial dose of antiserum amounting to 
or more units intravenously and 40,000 or more units intramuscularl 3 ^ ix 
of these patients died, a mortality of 29 per cent. A still smaller numbei 
17 of these patients received 80,000 or more umts intravenously, with 4U,uu 
more Stranfnscularly. Of this number 7 died, a mortality of 41 par cent. 
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There were only 39 patients in the series who received sulfonamides, 
debridement, and the minimal 80,000 or more units of antiserum on admission. 
Ten of these patients died, a mortality of 26 per cent. Of this latter group 
there were 20 patients who received the larger initial doses of antiserum, 
namely, 60,000 or more units intravenously and 40,000 or more units intra- 
muscularly. Seyen of these patients died, a mortality of 32 per cent. An even 
smaller number of this group of patients received an initial dose of 80,000 
units or more intravenouslj* and 40,000 or more units intramuscularly. Three 
of this number died, a mortality of 37 per cent. 

These statistics, while not conclusive, indicate that there is a maximum 
effective initial dose of antiserum which is around 80,000 to 100,000 units, at 
least one-half of Avhich should be given inti-avenously. Larger initial doses do 
not appear to have any appreciable effect on lowering the mortality rate, in 
fact, are associated with an increased mortality rate. 

During the years' of 1935 to 1940 there was a constant trend toward in- 
creasing the initial dosages of antitetanus serum in the treatment of tetanus. 
The patients in the series treated by Vener and Bower® and reported in 1941 
received 200,000 units of antiserum locally, intramuscularly, intravenously, 
and intrathecally during the first twenty-four hours of treatment. The fact 
that they reported the lowest mortality of any large series cannot be over- 
looked. The excellent general care and nursing facilities accorded those pa- 
tients, however, should be regarded as another factor in lowering the mor- 
tality rate. Caviness,“ in 1943, recommended total doses as high as 300,000 to 
550,000 units and many patients in this present series received as high total 
dosages. However, Firor” has shown quite conclusively that 50,000 units of 
the antitetanus serum intravenously will neutralize as much toxin as can be 
present in the blood stream. It would seem then that larger doses and sub- 
sequent intramuscular doses are indicated only as a safeguard against pos- 
sible further production of toxin due to an incomplete or an impossible eradi- 
cation of the foci of infection. 

The total amounts of antiserum given are purposely omitted. Since the 
subsequent amounts given vary so widely according to the severity of the 
disease and the intervention of death in the fatal cases, it is believed that the 
initial doses are the only accurate criteria for a comparison of the therapeutic 
results. 

Treatment of Nine Patients With Curare. — Some discussion has been car- 
ried on in recent years regarding the therapeutic value of curare ill the treat- 
ment of tetanus. Under the supei'vision of Dr. John Adriani,^^ Director of the 
Department of Anesthesia at Charity Hospital, 9 patients in this series received 
intocostrin in an attempt to relax severe muscular spasms. The conclusions, in 
brief, were that curare has no effect on the course of the disease other than to 
relax muscle spasms temporarily, for one hour or less, and that use of the dinig 
is accompanied bj*^ more hazards and toxic reactions than are .iustified in view 
of the temporaiy and purely symptomatic relief obtained. 

Treatment of Five Patients With Penicillin. — Five of these patients re- 
ceived penicillin varying in total amounts from 250,000 to 600,000 units. Two 
of the patients died, a mortality of 40 per cent, both deaths occurring on the 
ninth liospital day. Ko beneficial effect of the drug on the course of the disease 
other than as a prophylaxis against seeondaxy infection and pneumonia was 
observed in this small series of .5 cases. 
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SUMMARY 

Three hundred fifty-two patients wdth tetanus were treated from Nov. 1. 
1934, -to Oct. 31, 1944. 

The total mortality was 45 per cent. Excluding the deaths which oc- 
curred in the first thirty-six hours, the net mortality was 34 per cent. 

The mortality has been substantially reduced in the last thi-ee years, dur- 
ing w'hieh time there has been a total mortality of 31 per cent, and a net mor- 
tality of 18 per cent. 

Further reductions in the mortality rate may be obtained by adherence to 
the following reiterated factors of treatment : 

1. Routine immunizations by tetanus toxoid 

2. Routine administration of prophylactic antiserum (prefer- 
abV 3000 or more units) in the treatment of all injuries to 
patients wiio have not previously received toxoid immuniza- 
tion 

3. Education of lay people to report early and of doctors to 
recognize and institute immediate therapy for symptoms 
of early tetanus 

4. Immediate intravenous administration of adequate amounts 
of antiserum 

5. Complete excision or debridement of all possible foci of- 
infeetion including umbileetomy in cases of tetanus neo- 
natorum 

6. Adequate sedation 

7. Therapeutic doses of sulfonamides to prevent secondary in- 
fection and as prophylaxis against pneumonia 

8. Daily administration of 40,000 to 50,000 units of antisenmi 
intramuscularly to all patients in w'hom the original foci of 
infection cannot be found or completely removed 

9. Good general nui’sing care 

10. Adequate caloric and fluid intake by stomach tube feedings. 
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GUNSHOT FRACTURES OF THE SHAFT OF THE HUMERUS 

Captain Williaji T. Fitts, Jk., Captain Charles K. Kirby, and - 
Lieutenant Colonel Ernest A. Brav, i\lEDic.\L Corps, 

Army oi^' the United States 

D uring the North Burma campaign of 1943 and 1944, complete gunshot 
fractures of the shaft of tlie humerus comprised approximately 3 per cent 
of all battle casualties admitted to this general hospital. In comparison with 
g uns hot fractures of other long bones, fractures of the humeral shaft were rela- 
tively simple to treat as far as the bone injury was concei’ned. The hanging 
plaster, introduced by CaldwelF in 1933 and widely used in civilian practice, 
proved to be ideal' for the treatment of the majority of these fractures under 
conditions of warfare. Bone union in satisfactory position was obtained in al- 
most every instance in which there was no significant bone loss. In spite of 
this, the high incidence of associated nerve injuries, the less frequent circulatory 
damage,- and nonunion resulting from bone loss made this lesion an important 
militaiy problem from the standpoint of rehabilitating the soldier and returning 
him to active duty. Bj"- expert treatment of these associated injuries, permanent 
disability may often be prevented. 

ANALYSIS op CASES 

During the campaign, 100 patients with complete gunshot fractures of the 
humeral shaft were admitted to this hospital. Sixty of these were treated on the 
orthopedic section and were followed for a sufficiently long period to determine 
the final result of fracture treatment. These were consecutive cases and were 
unseleeted. Because of the exigency of the situation at various periods, the re- 
maining forty patients were treated on the general surgical section. Since these 
were handled in a somewhat different manner, and because many were dis- 
positioned to other hospitals before the final result was Ialo^vn, they are not 
included in this analysis. 

Thirty-eight per cent of the fractures were in American and 62 per cent* 
in Chinese soldiers. The “small arms” type of warfare in this campaign is 
- sho^vn by the missile causing the wounds : bullets in 62 per cent and shell frag- 
ments, usually mortar, in 38 per cent. The fractures, were evenly distributed 
as to side and fairly evenly as to the segment of the shaft involved : 34 per cent 
in the proximal third, 19 per cent in the middle third, and 47 per cent in the 
distal third. 

Ninety-three per cent of the wounds were debrided in forward hospitals, 
the average time of operation being 10.4 haul’s foUowing inju^ 3 ^ Debridement 
was performed within the first twelve hours in 69 per cent of all the injuries. 
Sulfanilamide was applied locally to every wound at the time of the primary 
operation, and oral sulfonamides were given to aU patients before admission 
to this hospital. 

In 80 per cent an abduction plaster spica was used for temporarj^ ’ im- 
mobilization during evacuation to this installation. IMany of these were broken 
at the shoulder on arrival. In only 10 per cent was a hanging plaster used for 
immobilization during evacuation. The average interval before arrival at this 
hospital, after a litter haul of vai’ving distances and an airplane ride of over 100 
miles, was 3.5 days. 

Kcccivccl for publication. Aug. S. 1945. 
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Radial nerve paralysis was found in association with 33 per cent of the 
fractures, and median nerve paralysis in 7 per cent. There were no ulnar nerve 
injuries in this series. Evidence of eireulatory insufficiency was present on ad- 
mission in seven instances. In three the brachial artery had been injured. Jn 
the remaining four, eonstriction by an unpadded circular plaster, usually in 
the region of the elbow, was the cause of the ischemia. In no instance did 
gangrene result, but in two tlie ischemia was of sufifieient duration to produce 
residual fibrosis and pax'alysis. 

Tile hanging plaster was used for the definitive treatment of 80 per cent of 
the fractures. The remaining 20 per cent were treated by other methods (ab- 
duction plaster spica in 15 per cent, and skeletal traction with a Kirschner wire 
through the olecranon in 5 per cent) because of : 

1. Bone loss of more than one inch (abduetion spica) 

2. Very high humeral fractures usually with associated injury 
to the shoulder joint (abduction spica) 

3. Marked abduetion of tlie proximal fragment (abduction 
spica) 

4. Nonambulatory patients (skeletal traction) 

The fractures were immobilized until there was x-ray evidence of bone 
union. This occurred on an average in 8.8 weeks. In four instances union oc- 
curred onty after immobilization for 16 weeks. 

Osteomyelitis occurred in five (8.3 per cent). In all cases it xvas localized 
and mild, and in no instance did it cause nonunion. Seven fractures had bone 
loss of more than one inch. The only five instances of nonunion (8.3 per cent) 
occurred in this group. 

' There were two deaths in this series. One was due to encephalitis of un- 
know etiologj’’, and was unrelated to the fracture. At autopsy the fracture 
site was clean, and there was no evidence of embolism. Secondary hemorrhage 
three weeks after injuiy caused the second death. 


OBSERVATIONS 

On the basis of our experience with the sixty gunshot fractures of the 
humeral shaft, certain opinions regarding their management have been formed. 

Primary Treatment and Evacuation . — ^Although it is generallj’' agreed that 
debridement should be performed as early as possible after injury, an interval 
of several days is not a contraindication to operation. Late debridement, from 
one to several days after injury, has appeared to be of value in preventing or 
limiting infection, and in shortening the period of wound healing. It seems 
probable that the establishing of free drainage and removal of unattached bone 
fragments, necrotic tissue, and foreign bodies, even in the presence of localize 
infection and inflammation, will aid in preventing the development of osteo- 
myelitis. With the aid of sulfonamides, the danger of causing invasive infection 
by excising necrotic tissue in the presence of inflammation is minimal. 

It is questionable whether the use of an abduction spica for evacuation o 
these fractures, as was done in 80 per cent of those admitted to t^is hospita , 
justifiable. Many of the spieas had broken at the shouWer during tran P 
tion and, on arrival, these patients had considerable pain because of motion 
fracture site. Not infrequently wide abduction in a spica 
angulation. This could be corrected in almost every instance by merely a 

the arm to the side, as shown in Pig. 1- 
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Humeral fractures can be efficiently immobilized for evacuation in a liang- 
ing plaster. In patients who must travel in the recumbent position it is ad- 
visable to fix the plaster to the body Aidth a few turns of the bandage. Ad- 
vantages of the hanging plaster for evacuation are simplicity of application, 
saving of time, economy in tlie use of plaster, greater comfort for the patient, 
and, in most instances, better position of the fragments. The increased comfoii; 
of the patient when a shoulder spiea W'as changed to a lianging plaster was im- 
pressive. 



.4.. B. 

„ 1. — Gunshot fracture of the provimal third of the humeral shaft. A, Position on 

^ 90 degree abduction spica , 37 degrees medial angulation. B, Perfect alignment 
SfnH,™ 1 uierely droppmr tlie arm to' the side in a hanging cast. (Photograph by First 
Medical Museum and Arts Detachment.) 

Treatment of the Fracture. — The characteristic displacements of the frag-^ 
ments found in simple fractures of the humerus were not often seen. External 
angulation in fractures of the proximal shaft was not common and abduction 
was rarely necessary to correct this deformity. Several fractures of the distal 
third were externally angulated. Pronation of the forearm as suggested by 
Bohler^ was very helpful in correcting this (Pig. 2). In our experience it has 
not been necessary to keep patients treated with a hanging plaster in an erect 
or semi-reclining position during sleep for the first 10 to 14 days after injury, 
as recommended by Shands.^ In Chinese patients, all of whom refused to sit up 
while sleeping, the efficieney of the hanging plaster in redueing the fracture 
and in maintaining good position of the fragments was not decreased. When- 
ever possible, the hanging plaster should be applied Avith the patient in a sitting 
position. If anesthesia is ne’cessary, brachial plexus block is useful since the pa- 
tient may remain upright. 

The recent suggestion of ChurchilP that the Avounds of gunshot fractures 
e c osed ly delayed primary suture AAuthin.ten days after injurj'’ has impressed 
us, for the early conAmrsion of a compound fracture to a simple fracture is 
highly desirable. This procedure presupposes thorough debridement and a 
Avound free from infection. 

Aerac Injuries. — Because neiwe injuries are responsible for most of the 
disability .resulting from these injuries, their treatment is of greatest impor- 
tance. It is noAv generally agreed that the highest incidence of nerA'e regenera- 
tion is obtained Avhen repair is performed Avithin the fii-st few Aveeks after in jui^-. 
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This necessitates close cooperation between the orthopedist and neurosurgeon. 
Whenever possible, nerves should be sutured at the time of dela3^ed primary 
closure, if this is done. 

Overzealous splinting of the wi-ist and fingers in extension for radial nen^e 
injuries may result in fixation in this position. Splints for radial nerve palsy 
should be removable so that the wrist and fingers may be moved through their 
full range of motion several times dail}\ No splinting at all, ^vith frequent active 
and passive joint motion, is better tlian continuous splinting. Suspension of 
the fingers and wrist by nibber bands to a “banjo" ring incorporated in the 
plaster is an excellent method of preventing deformities due to radial nerve in- 
juries. 



A. B. 

Fig- 2 . — Gunshot fracture of the distal third of the humerus. A, On admission mth Uie 
forearm in supination ; 25 degrees external angulation. B, Perfect alignment obtainea w 
merely pronating the forearm. (Photograph by First Medical Museum and Arts Department/ 


Circulatory Impairment . — The occurrence of circulatory embarrassment m 
seven instances emphasizes the importance of tliis complication. The common- 
est cause was constriction, usually at the elbow, by an unpadded circular plaster. 
Following splitting of the plaster, adequate circulation returned in all but one. 
In this instance there was residual partial paralysis of the hand due to the 
temporary ischemia. This complication can alwaj^s be prevented by adequate 
paddmg and by frequent inspection for circulatory impairment by the personnel 
conceimed in evacuation. At the first sign of ischemia the plaster must be split 
through its entire length and spread. 

In three instances the brachial artery was urjured. In two the artery ha 
beeir ligated at the time of debridempnt and signs of ischemia were present on 
admission. Gangrene was feared in both, but, f oUorving elevation of the exj 
tremitj- and repeated blocking of the stellate ganglion with proeame, ^ i 
ischemia disappeared and viable extremities resulted. In one there was mo eia 
residual ischemic paralj^sis. In the remaining instance, arterial injir^ 
suspected nntil a secondary hemorrhage occtuTed on the tenth day al er 
This case emphasizes the fact that a palpable radial pulse does not 
arterial damage. Because the error-s in management of this case are 

it is br-iefly described here. 
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CASE REPORT 

A 27-year-old Chmese soldier was admitted in a plaster spica 3 days after a perforating 
bullet wound of the proximal humerus. He was in good general condition in spito of a hemo- 
globin of 8.0 Gm. The radial pulse seemed to bo normal. Blood transfusions were given and 
a hanging plaster was applied. On the tenth day after the injury the wound bled an es- 
timated 150 C.C. beneath the plaster. \Vlien tho plaster was removed, no evidence of active 
bleeding was found, and tho wound was not explored. After the_ wound remained dry for two 
days, the plaster was reapplied. Convalescence was then uneventful until the twenty-first day 
when, during the night, a sudden massive hemorrhage occurred from a divided brachial artery 
and death resulted before the plaster could bo removed. 

Secondary hemorrliage, no matter how minor, must always be considered 
an absolute indication for immediate exploration of the wound. 

Osteomyelitis. — Osteom 3 '^elitis occurred in only five cases (8.3 per cent). 
In every instance it was well localized and of short duration, requiring only 
simple removal of sequestra to effect healing. It seems probable that earlj’’ and' 
adequate debridement was chiefly responsible for this. The routine use of local 
and oral sulfonamides maj'" have been a factor. During the campaign penicillin 
was not available. Nonunion was not caused, nor was union significantly de- 
layed, bj^ osteomyelitis. 

Nonunion . — In all fractures which resulted in nonunion, there was bone 
loss of more than one inch. In each instance a plaster spica was used for treat- 
ment, and efforts were made at the time of application to approximate the frag- 
ments. Two fractures, each with bone loss of two inches, united by the use of 
this method. In no instance in which there was a minor degree of bone loss did 
the traction of the hanging east predispose to noniuiion. It is entirely possible 
that fractures with bone loss of more than one inch might have bridged as well 
with a hanging plaster as with a spica. Fractures, in which nonunion is in- 
evitable should be recognized as eai*ly as possible in order that neighboring 
.ioints may be given physicsil therapy prior to the prolonged immobilization as- 
sociated -with bone grafting. 


CONCLUSIONS 

1. Our experience has shoivn that gunshot fractures of the humei’al shaft 
can be adequately and comfortably evacuated in a hanging plaster to a fixed in- 
stallation, and, in our opinion, this is the method of choice. 

2. The hanging plaster -is highly satisfactory for treatment of these frac- 
tures in most instances. Traction by the plaster does not predispose to nonunion 
in cases with minor degrees of bone loss. 

3. Associated nerve injuries occur in a high percentage of these fractures, 
and are the most frequent cause of disability. 

4. Ischemia due to constriction by circular plaster is a constant danger. It 
can be prevented bj"- adequate padding and, if circulatory impairment is im- 
minent, bj’' splitting and .spreading the plaster. 

5. Secondarj’- hemorihage, no matter how minor, is an absolute indication 
for immediate exploration of the wound. 
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EADIOGRAPHIC DIAGNOSIS OP HERNIA INTO THE LESSER 
PERITONEAL SAC THROUGH THE FORAMEN OP WINSLOW 

RnpoKT OF A Case < 

M. S. IIOLLEN'BERG, M.A., B.Sc., IM.D,, Winnipeg, Canada 

(From ihc JloUenherff Clinic) 

T he rare l)ut interesting condition of hernia into the lesser peritoneal sac 
through the foramen of Winslow is reviewed at length by Ullman.® In his 
section under diagnosis he states that a preoperative diagnosis of hernia through 
the foramen of Winslow has never been made, IMy investigation of the literature 
confimis this statement. In his conclusion he asks, “Will a preoperative diagnosis 
of a hernia through the foramen of Winslow ever be made and will it be dif- 
ferentiated from other internal hei-nias?” 


CASE REPORT 

Mr. C., 7C-j-ear-old Scottish farmer, came to my office at C P..M., Dec. 13, 1933, complain- 
ing of acute intermittent epigastric pains. 

Previous Personal *JIistory. — He alv.-ays enjoyed good health until the year before 
admission, when he began to suiTcr recurrent attacks of diarrhea. His illness began at 10 
A.M. the morning of Doc. 13, 1933. The pain in the epigastrium was, at first, mild and 
recurred at long intervals, but was becoming progressively more severe when he saw me at 
6 P.M. Ho flatus or feces had been passed since the onset of the illness. The severe 
abdominal pains were localized to the upper part of the abdomen. There was also tenderness 
around the umblicus. During an acute attack of tliis colic he doubled up with pain, apply- 
ing counterpressure to the abdomen with his hands. The attack lasted about two minutes and 
then gradually subsided. Examination of the abdomen revealed no bulging or any e,xtemal 
hernia. The clinical picture was that of an ’acute obstruction. No peristaltic waves were 
visible during the attack of colic. Palpation over the epigastric region elicited excruciating 
pain. He had not vomited since the onset. There was marked epigastric resonance on 
deep percussion; there was also some fullness over the epigastrium. Being of tlie opinion 
that the obstruction was high up, I gave him barium and took the plate illustrated in D’g. 1- 
The lesser curvature presented two parallel crescentic outlines. It also showed the stomach 
hugging a rounded gas-filled mass. This led me to suspect that there was a hernia into the 
lesser peritoneal cavity, therefore the patient was sent to the Winnipeg General Hospital- 
There he was given four enemas witli the hope of overcoming the obstruction, but with no 
avail. He was then given a barium enema. The result is Bho\vn in Fig. 2. The stomach s i 
contained some barium; some of it had passed into the small bowel wliich appeared disten e 
and pipelike, tj-picM of a distal obstruction. The barium enema outlined the rectosigmo' 
descending and the left half of the transverse colon where the barium shadow ahrup J 
ceased. The cecum ascending colon and right half of the transverse colon were not 
There was a large, dark, rounded, gas-filled mass hugged by the stomach, and a gas dis e^n^^ 
bowel leaving this mass or being pinched off in the region of the foramen of 
be seen. This confirmed the diagnosis of hernia of the cecum ascending and 
of the transverse colon into the lesser peritoneal cavity through the foramen ot 
This diagnosis was recorded on the operative sheet before the abdomen was opened. 

Operatioiu— Operation was performed at 10 p.m. that night. The b^h^ging 

through a right upper rectus incision. On investigation, the stomach " ^ ^ (fig. 3). 

a large tympanitic mass which was movable, tens^ and balloonl.ke « or ascending 

The gastrohepatic omentum could be moved over the mass freely- ^ ooder 

colon could be found. The tip of the appendbe was Odv left hrif 

the liver The right half of the transverse colon was missmg. Only « gall 

was traced to the right it ended abruptly in strong adhesions 


seen. 


When this was traced 

■^ceived for publication, April 25 1945. 
nBlman. AKred: Surg., Gynec. & Obst. S8-. 22o, 19-4. 

498 






HOLLENBKRG: nF:RNrA TnROUOri THE RORAIIKK OF \YINSLOW 


501 


bladder and liver. This exploiation confirmed the preopeiative diagnosis. The left half 
of the transverse colon appeared to run stiaight into the liver. I attempted by traction 
on the colon and pressuie over the lesser sac to deliver the incarcerated bowel without success. 
I then opened the lesser omentum and deflated the cecum by means of a needle attached to 
suction closing the hole in the cecum with a purse string and reinforcing it with Lembert 
sutures. The herniated bowel was then easily reduced through the foramen of Winslow 
(Fig. 4). The opening in the gastrohepatic omentum was closed. No attempt was made to 
close the foramen of Winslow. The cecum was tacked down in the right iliac fossa. The 
abdominal cavity was closed in the usual manner. The patient did well for weeks. On 
December 27, his temperature became hectic, associated with chills. The pulse went up to 
120 and respirations were 24. The left leg became swollen and painful. A diagnosis of 
thrombophlebitis of the iliac veins was made. His condition became progi essively worse. 
Tlieie were no positive physical findings in the chest. He died December 29. The clinical 
diagnosis as to the cause of death was pulmonary embolism. 



Fip. 5. 

Autopsy Ueport . — Autopsy reioaled a lery thin man, 7G years of age uhoso left leg was 
icri much larger than the right. It was not discolored. The pleural cavities showed no 
fluid. There were old adhesions oier both lateral surfaces The left lung weighed 525 Gm. 
There were apical scars. The lung was soft and crepitant throughout, showing quite marked 
oniplnsema. The main pulnionar 3 - artery contained fluid blood, but in three of the largo 
branches there were firm masses of adherent thrombus. There were no infarcts in the lung. 
It showed onlj- edema and congestion u-ith some collapse m the posterior portion. The right 
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lung -n-eiglied 550 Gnu An apical scar and quite marked emph3-sema were present. There 
was a large adherent thrombus filling the upper portion of the branch of the pulmonary 
arferj- to the lower lobe. There was no infarct in the lower lobe, but there was a small 
one 1.5 cm. in diameter in the upper lobe just below tlie apex. The rest of the lung was 
congested, and there was some collapse of the posterior portion..' Tiiere was no fluid in the 
abdominal cavity and the foramen of Winslow was large, admitting three fingers (Fig. 5). 
The right lobe of the liver was large and there was a transverse depression partially con- 
stricting off the lower half of the lobe. The gall bladder was covered with adhesions and 
was adherent to the transverse colon. The cecum was distended, unusually mobile, and was 
adherent to the omentum. The appondi.x was long, retrocecal, and tied down. The left iliac 
vein was filled with a firm adherent thrombus. The right vein was emptj-. 

Summary of Autopsy . — Atheroma of aorta, pulmonarj- emphysema, pulmonary- embolism, 
enlargement of the foramen of Winslow, and thrombosis of the left iliac vein. The thrombosis 
in the iliac vein was ro.sponsible for the embolus which lodged in the lung and caused death. 

Probable Mechanism of Produclion . — The adhesions of the gall bladder and liver to the 
center of the transverse colon, and the fact that the right lobe of the liver was elongated a 
hand breadth below the costal margin, probablj’ produced this rare hernia. The medial, 
spoon-shaped surface of the right elongated lobe of the liver directed the abdominal contents 
into the foramen of Winslow. The patient had recurrent attacks of diarrhea in the year 
before admission. These maj- bo accounted for by the partial obstruction produced by the 
adhesions from tiic gall bladder across the middle of the transverse colon. The repeated 
attacks elongated the mesentorj' of the ascending colon until the right half of the transverse 
colon and ascending colon were forced into the lesser peritoneal sac and strangulated by 
the foramen of Winslow. 

SUMMARY 

The first case on record of liernia through the foramen of Winslow wherein 
a preoperative diagnosis was established from the radiologic investigation is 
presented. 


EXTRADUEAL ANESTHESIA 

Helbio Rego Lins, M.D.,* Rio de Janeiro, Brazil, South America 

C ATHELIN, in 1901, was able to block the sacral and coecj'geal nerves by 
injecting the anesthestic substance into the sacral canal, for peridural sacral 
anesthesia (caudal anesthesia) was limited to operations on the perineum. 
This led some surgeons to try the use of some different technical details in 
performing sacral anesthesia, so that they would be able to use it for operations 
in the abdomen. Larger doses as well as larger volumes of the anesthetic solu- 
tion were employed, and the Trendelenburg position was tried in an effort to 
force the diffusion of the anesthetic solution to a higher level. 

Extradural anesthesia, with the technique as used at present, was performed 
for the first time in 1920 by the Spanish surgeon, Pages, who also presented the 
first paper on this subject based upon forty-three observations with only tw 
failures'^ His researches were abandoned and forgotten after his death. 

In 1931, at the Italian Congress of Surgery, Dogliotti described a "new 
method” of anesthesia to which he gave the name of “segmental pe 

Education, 1944-1945. 
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anesthesia,” claiming for himself the priority of the discovciy. In 1932, he 
presented his results to the American Congress of Surgery.® 

Gutierrez, in 1932,® called attention to the negative pressure of the extra- 
dural space (discovered in 1929 hy Heldt and hlaloney^) as a means of help in 
being certain of the exact location of the needle. Thus the “sign of the droplet” 
(also knomi as “Gutierrez’s sign”) became Icnown. Extradural anesthesia 
(the name given by Gutierrez) has been also called “anesthesia of Pages’,” 
peridural anesthesia, segmentary anesthesia, epidural metameric anesthesia, or 
epidural anesthesia. Since my arrival in the United States in October, 1944, 
I have visited several hospitals, and I .have not 5 'et seen an operation performed 
with extradural anesthesia. 

In 1938, when I spent some months Avorking and studying surgery in 
Argentina, my attention Avas called to this method as used in the surgical service 
of Gutierrez. I saiv difficult operations performed with it, and during the post- 
operative course the patients felt none of the discomfort that results from anes- 
thesia as it is usually given. I began a study of this new method of administer- 
ing anesthesia and on my return to my own country put the Imowjedge to prac- 
tical use in the hospital and with m 3 ’^ private patients. An account of its effects 
in the first 100 eases was published in 1939 as a thesis, which I submitted as 
, partial fulfillment of the requirements for promotion to the rank of Doeente 
(Associate Professor) in the Medical School of the University of Brazil. Since 
then the number of eases involving the use of extradural anesthesia has groAAn 
steadily and I have observed its effects on more than 600 patients. I am a most 
enthusiastic believer in the value of this particular kind of anesthesia, because 
I am sure that it is one of the best available to the surgeon when he needs an 
anesthesia capable of long duration, but with as little toxic effect on the patient 
as possible. Before 1938, extradural anesthesia found little support among 
the surgeons of Rio de Janeiro. The few who had the occasion to try it con- 
sidered it definitely inferior to the methods already in general use. I Avas happy 
to be able to call the attention of others to my excellent results and noAv many 
surgeons of Rio de Janeiro are relying on extradural anesthesia for serious opera- 
tions. 

I Avould like to express mj”- vicAvs on extradural anesthesia and point out 
some of its results, based on my oaa'u case records. 

I Avill not lose time Avith preliminary discussion of surgical anatomj'^ or the 
phj'siologj’^ of the extradural (peridural) space, because such matters are Avell 
knoAvn. For reasons of clarity, hoAvever, I Avill diA^ide my account into seven 
parts: Comparative studj’- of extradural and intradural (spinal) anesthesia, 
technique, anesthetic solutions, locale (site) of puncture, CA'olution of the anes- 
tliesia, failures and accidents in its use. 

COAIPARATIAT!: STUDY OF EXTRADURAL AND INTRADURAL (SPINAL) ANESTHESIA 

In intradural anesthesia, the anesthetic is injected into the subarachnoid 
space inside the duramater ; in extradural, the solution is introduced into the ex- 
tradural (peridural) space just outside the dura. The anesthetic injected into 
the extradural space does not come in contact AA'ith the cerebrospinal fluid, AAdiich 
obviates the danger both of toxic effect on the bulbar center and of resultant 
res])iratoiy sjTicope. In extradural anestliesia the spinal ganglia, tlie sj-m- 
pathctic and spinal iicta'cs, and the dura associated Avith the radicular nerves are 
anestlictizcd. 
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The changes of blood pressure after extradural anesthesia have not the 
same dangerous aspects that they have witli intradural. Arterial hypotension, 
tlie dread of anyone giving intradural anesthesia, occurs much less often with 
the extradural method. In 600 cases, udth blood pressure deteminations made 
immediately before and after administration of the anesthetic and supportive 
drugs, at the beginning and end of the operation, and during twenty-four to 
forty-eight hours in the postoperative course. I made the following observations : 
In 66 per cent, the blood pi'ossure rose ; in 25 per cent, it fell ; and in 5> per 
cent it showed no alteration. 'NVlien the pressure falls, I use a supportive drug 
(ephedrine, 0.05 Gm.). This may also be used prophylactically. 

The duration of the extradural anesthesia is longer, its range of action is 
wider, and accidents during and after its administration occur less frequently 
than in anesthesia of any other kind. Using an average of 45 c.c. of a 2 per cent 
solution of novocain, some patients have had anesthesia lasting more than four 
hours, but the average duration ranges from two to three hours. After this 
period of surgical anestliesia there is relatively long absence of sensitivity, very 
profitable for the patient because he does not feel pain in the postoperative 
period. Another great advantage of exti’adural anesthesia is the rarity of post- 
anesthetic reactions, such as headache, vomiting, and urinary retention. Late 
postoperative reactions, even after prolonged anestliesia, are likmvise reduced. 
All these complications are quite usual after intradural anesthesia. 

A modem and efficient surgeon must know every type of anesthesia, prac- 
tically as well as theoretically, because each has its peculiar indications. A 
thorough examination of the patient and, based on that, the selection of the 
kind of anesthesia best for the particular case, should eliminate failure and 
accident on the part of the surgeon and anesthetist. Accidents during or after 
extradural anesthesia depend somewhat on the skill of the anesthetist. It need 
hardlj' be remarked that in nervous and anxious patients, in those in a mal- 
nouinshed, cachectic, or septic state, and in those with spinal deformities or 
ossifications of the interspinal ligaments or ligamenta flava, this method is not 
effective. 


TECHNIQUE 

The extradural space can be reached by the use of either of two techniques, 
the indirect or direct punctures. In the first, the needle is advanced until it per- 
forates the duraraater, which is indicated by the reflux of the cerebrospinal fluid- 
The needle is then withdrawn slowly until there is no reflux of the liquor and 
'the point rests in the extradural space, where the anesthetic is injected. By 
the -direct process, the anesthetist tries to reach the extradural space without 
perforating the duraraater. Each time that he fails to do so, and perforates the 
dura, he withdraws the needle and makes another puncture in another interspinal 
space. This direct process is more correct and less dangerous, because^ with i 
there is no possibility that the anesthetic might penetrate the subarachnoid space 

through the opening in the dura. at ) 

The puncture is made with a special needle (the best is Gutien-ez s nee e 
in the area between the seventh cemdcal and fifth lumbar vertebrae, 
with the patient in a sitting position. There are several signs ^ 
the needle is in the extradural space, but the best is the sign of G 
the “sign of the droplet,” which is based on negaUye 
space After introducing the needle, the anesthetist l^^^SressessJojly, 
r the ^ign of Gutierrez.” After passing through the superficial planes. 
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the special needle, the ancstlietist withdraAvs the stylet from the needle and fills 
the latter AAdth the anesthetic solution in such a way that he leaves a drop of the 
solution hanging from the outer receptacle of the needle. He then advances 
the needle, pushing as sloAvly as possible, and when the epidural space is reached, 
the drop is aspirated inward. In some cases, there is only an oscillation of the 
drop, but usually a perfect suction is observed. With this sign, and the assur- 
ance that the point is in the extradural space, 10 c.c. of air are injected to sepa- 
rate the dura from the end of the needle. The anesthetist then injects 5 c.e. 
of anesthetic solution and ivaits five to ten minutes. The latter precaution is 
essential to ascertain whether the dura has been punctured. If it has, the 
specified amount of anesthetic is sufficient to produce intradural (spinal) anes- 
thesia. If, after this time, no signs of anesthesia are noted, the rest of the solu- 
tion is injected. The amount of the anesthetic solution depends upon its con- 
centration and the duration of the operation. 

Aside from the sign of Gutierrez, the anesthetist may be guided by the 
sensation of having penetrated the ligamentum flanim and by the lack of resist- 
ance to the injection of the solution when the needle is in the extradural space. 
The distance betiveen the skin and the extradural space varied from 3 to 7 cm. 
The sign of Gutierrez was positive in 89 per cent of my obseiwations. When the 
sitting position cannot be maintained, the patient may remain in the lateral 
position. HoAvever, in the latter position the teclinique is more difficult. ^ 


ANESTHETIC SOLUTIONS 

The drugs used for extradural anesthesia are many. The concentration 
of the solution should be the same as a 2 per cent solution of novocaine. I have 
experimented with several solutions, including 1 per cent and 2 per cent novo- 
caine (procaine), a 2 per cent solution of seurocaina, a 2 per cent solution of 
pantoeain (pontoeaine), a 0.1 per cent solution of pcrcaine (nupercaine), and 
Gutierrez’ mixture.” Of the various solutions used for extradural anesthesia, 
Gutierrez’ mixture (0.5 neotutocaina [pontoeaine] and 0.50 novocaine [pro- 
caine] ) has proved the most satisfactory. A very important matter, if the anes- 
thetist is to avoid failure, is the sterilization of the anesthetic mixture. Novocaine 
changes easily under heat, and the sterilization is delicate. Gutierrez’ mixture 
must be sterilized by tindalization (fractional metliod) for one-half hour, four 
to five times, in a maximum temperature of 70° C. 

The anesthetic solution is dissolved in 50 c.c. of physiologic saline solution, 
and ten drops of adrenalin added. The adx’enalin produces vasoconstriction in 
the extradural venous plexus, delaying the absorption time of the anesthetic 
mid prolonging its duration. Immediatelj’- after the anesthesia is produced, 
o c.c. of caffeine are injected subcutaneously to prevent vomiting and nausea 
from the novocaine intoxication. An interval of twenty minutes is desirable be- 
tiAcen injection of the anesthetic agent and beginning the operation. 

In my series, the amount of solution ranged from 20 c.c. for appendectomy 
in a child to 46 c.c. for a gastrectomy which lasted two hours and forty-five 
minutes. 


POINTS OP PUNCTURE 

For operations in the neck and thorax, the puncture is made between the 
seventh cendcal and first thoracic vertebrae. A puncture between the eleventh 
thoracic and third lumbar vertebrae produces anesthesia for operations in the 
gemtourinarj' field and on the sjunpatbetie nerves and digestive tract. To ancs- 
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thetizc the perineum and lower extremities, tlie puncture is made between the 
third and fifth lumbar vertebrae. In such cases the patient is left sitting for 
fifteen minutes after the injection. 


DEVELOPJIENT AND DURATION OP THE ANESTHESIA 

The effect of extradural anesthesia is not as immediate as that of intradural. 
Ten minutes after injection there is a large zone of anesthesia which continues 
to enlarge for about twenty minutes, and sometimes extends from the chin to 
the feet. The diffusion of the anesthesia is variable, but generally it depends 
upon the concentration of the solution, the amount injected, and the point of 
puncture. Likewise, its duration depends upon the strength of the anesthetic, 
the substance used, and tlie dose injected. The most successful results, both 
of development and duration, in my experience, were obtained with Gutierrez’ 
mixture. With an average dose of 40 c.c. of anesthetic solution, I have had 
anesthesia for two and one-half hours or more. 

As stated earlier, extradural anesthesia is indicated for operations in the 
neck, tliorax, abdomen, and extremities, and causes few postoperative complica- 
tions, but it is contraindicated in nervous or anxious patients, in those in a mal- 
nourished, caclieetic, or septic state, and in those wdth spinal deformities or ossifi- 
cation of the intcrspinal ligaments or ligamenta flava. 

For some time I have been using, wdth very good results, a sedative medica- 
tion just after finishing the anesthetic injection. 

]\Iy experience with the effects of extradural anesthesia on children is 
limited, since I have had only two cases. I have, however, records of its success- 
ful use on fifteen patients older than 70 yeai-s, and on one 85 years of age. 

FAILURES AND ACCIDENTS 

Failures and accidents with extradural anesthesia are due largely to in- 
experience and improper teeliique. Tlie skill of the anesthetist is a determining 
-factor as is occasionally, also, the quality and amount of the anesthetic solution. 
Sjmeope ma 3 ^ occur during induction, although no such reaction occurred in my 
series. At most, there was some nausea in a few patients. Owing to insufficient 
concentration of the anesthetic in a few cases at the beginning of the series, sup- 
plementaiy general anesthesia was required, and in a few others, because of the 
patient’s extreme nervousness, a different form of anesthesia had to be resorted 
to. There wms only one complete failure of anesthesia. 


CONCLUSIONS 

1, Extradural anesthesia is one of the most satisfactory^ because it meets 
many of the requirements of a good surgical anesthesia with a minimum of 
dangerous effects to the patient. 

2. An important recommendation for extradural anesthesia is the rarity of 

postanesthetic reaction. _ ^ . 

8. Late postoperative reactions, even after prolonged anesthesia, are hhewi 

reduced with this method. ' 

4 The “sign of Gutierrez” or “sign of the droplet” is the best mdi a 

that the needle is in the extradural space. 

5. Injection of the anesthetic solution must be made as slowly c P 
and always in fractionated amounts. 
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6, Twenty minutes must elapse after injection before the surgeon may be- 
gin the operation. 

7. Accidents during or after anesthesia depend somewhat upon the skill of 
the anesthetist. 
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SEMIELASTIC COTTON GAUZE BANDAGE FABRIC 


Charles P. Goldthwait,* and James H. Kettering,* New Orleans, La., and 
Commander Moore Moore, jR.,t Medical Corps, U. S. N. R. 


•^HERE has been a long-felt need for a surgical gauze with a moderate 
i amount of elasticity so that it will stretch or “give" while being applied 
and so exert moderate pressure. A gauze has recently been developed which has 
thwe plus other unusual and useful properties. It has stretchability and elas- 
ticity which make it somewhat self -fitting and self-tightening ; the elasticity, 
together with a nonslip surface texture, causes a bandage made from it to cling 
rather than to tend to loosen while in place. The new fabric is all cotton, is in 
effect a preshrunk gauze, and lias no similarity to conventional elastic bandages. 

Bandages made from the new gauze have been submitted to several hospitals 
for clinical tests, in some instances by request. Reports have been veiy favor- 
able, but the number of requests for additional quantities constitutes the best 
evi ence that this bandage meets a real need. It has been on trial for over one 
yeai to the extent of about 9,000 unit sti’ips, more than half of which have been 
used at the U. S. Naval Hospital in New Orleans where this bandage has sup- 
p anted all othera for securing dressings about freshly operated joints. 

This new type of bandage has properties of general interest, as well as 
specific advantages, which have recommended it for continued use at the Naval 
Hospital, especially in orthopedic surgery, and for various other purposes, 
hirst, it meets the general requirement that it can be sterilized by any of the 
^andai'd recognized techniques without its special characteristics being affected. 

I ext, its light weight is also of general interest because a bandage of given bulk 
m teims of thickness may weigh one-fourth less than one of ordinaiy gauze 
of 44 by 36 thread count. 

The superior ability of this bandage to conform to the contoure of the 
ody a nd to remain in place makes it ideal for securing splints of all types. 


Rccelvea for Publication, April 21. 1945. 

^®l?ional Research Laboratorj-. one of the laboratories of the 
Department of' A^cultunf Chemlstrj-, Agricultural Research Administration, U. S. 

Bospltal. New Orleans, La. The opinions or assertions contained in this 
the viewn of writer and are not to bo construed as official or reflectInK 

uio views of the Na%T Department or the Naval Service at large. 
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The bandage can be used in conjunction with plaster wthout fear of “drawing” 
in any plane. In fact, its preshrunlt cliai'acter allows use either over or under 
plaster vitliout danger of necrosis from cutting into the skin after drawing. 
It has proved veiy satisfactory for binding plaster splints and does so without 
adding appreciable weight to them. The bandage is unusually suitable for pres- 
sure dressings including use for bums, varicosities, and skin grafts. It is par- 
ticularly good about joints where it is most desii’able fhat the bandage should 
not slip. It should ])e empliasized that a steady even pressure can be applied 
easily and maintained for a prolonged time with this bandage. This is true 
whether there has been moderate swelling or whether swelling has subsided sub- 
sequent to bandaging. Because of its elastic properties and clinging power, the 
bandage tends to remain in situ, which is imperative about joints when the pa- 
tient is ambulant or is permitted or encouraged to use the joint. 

The only defect of any consequence noted in over one year’s trial has been 
a mild tendency to gather on the short side of a joint when used in applying a 
spica ts-pe bandage. However, this is no more so than in conventional types and 
any mild tendency to chafe can be readily controlled by placing a pad in the 
axiUa or groin. With these bandages, there has been noted also a tendency to 
gather about the torso or chest, but this can be largely controlled by the use of 
transverse adliesive strips at the time of application. 





Fig:. 4. — Semlelastic gauze easily stretches 20 per cent 


This bandage fabric is an outgrowth of the well-known fact that immersion 
in concentrated sodium hydroxide solution causes cotton to shrink, primarily 
because it swells the fibers The tendency of the swelling fibers to expand within 
the spiral structure of the yam in the cloth causes the jarn to shoi’ten which, 
in tiun, causes the cloth to shrink If the material is of suitable open weave 
like the lighter weights of surgical gauze, pronounced crimps and kinks are also 
formed which increase the shrinkage but make the goods easily stretchable and 
somewhat elastic. The complete effect is shomi quite clearly in Figs. 2 and 3, 
which represent the original and treated gauze on the same scale. The shrink- 
ing, or mercerizing treatment, as it may be called, causes the yarn to expand 
in diameter and to become loose in construction, to shrink until the interspaces 
in the cloth are much smaller, and to foini many crimps and kinlvs, some of which 
do not .show because they arc standing vertically to the plane of the fabric. 
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The ultiniate result is that the cloth stretches easily under low tension, due 
to straightening of the yarns and tightening of their structure, but returns 
elastically, when released, to approximately its dimensions, in the shrunk form, 
ilost of the gauze prepared in this manner, if stretched 20 per cent, for example, 
from 10 inches to 12 (Fig. 4), has an average recovery of 15 per cent, to a new 
length of 10.5 inehes. The elastic pi*operties represented by these figures have 
proved very satisfactory for all around use. The surface irregularities, which 
are due to crimping and kinking, intermesh as each layer of a bandage or dress- 
ing is added, so that no layer can slip upon the others. Thus the bandage is 
interlocked, docs not come apart readily, and also tends to stay in position. 

The fabric as used in most of the clinical trials has been somewhat heavier 
than standard bandage material, but fewer layers are used. The weight can be 
modified by suitable selection of the initial gauze. Up to the present time the 
bandages have been made only on a rather large laboratory scale, but their 
special properties and general utility suggests that they^be made available com- 
mercially. 


COD-LH^ER OIL OINTMENT IN SURGERY 
Topic.vl Application 

DeWitt 0. Daughtry, M.D.,* Duluth, Minn. 

C OD-LIVER oil ointment has been used in this country for more than a 
decade and over a much longer period in Europe. IMany who have tried it 
have continued its use. The purpose of tliis paper is to present the results ob- 
tained from the extensive use of cod-liver oil ointment in a large series of case.? 
consisting of a variety of lesions. 


REITEW OF LITERATURE 


In 1934, L6hr^‘ published his original paper presenting a series of cases, 
consisting of bums and a wide variety of clean and infected wounds treated 
with cod-liver oil applied topically. In the original and subsequent reports,^ 
Lohr was enthusiastic and convinced of its superiority in the treatment of maiu 
surgical lesions. He was soon aware of the rapid liquefaction of nonviable tissue, 
its stimulating effect upon healing, and the minimal pliable scarring follomng 
its use. Lohr found cod-liver oil to be bacteriostatic and bacteriocidal. 


Steep® found the cod-liver oil treatment to be very satisfactory for burns. 
He was particularly impressed by the reduction of pain. In 193S, Darson 
presented experimental evidence to the effect that cod-liver oil definitely simu- 
lates the healing process. He found an increased infiltration of the surrounding 
tissues ivith scavenger and repair cells. ^ 

In 1931 Thompson and Sheard®^ reported irradiated oil to have a 
bacteriostati; action. Pucstow, Ponehcr, and 
burns with tannic acid and cod-liver oil ointment. They found 

ss a ?c8S"s.»'e zs;s. 
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to be 25 per cent less when tlie latter was used. Kozanjian,^^ Tumansldy and 
Yatsevich,^^ Pjdie,-® Daver,® Mutschler,’"' Salzmann and Goldstein,-® lost and 
Kochergin,^® Lauber,^® Proto,®® Ilayaslii,*® Lichtenstein, i® Abramowitz,® Aldrich,® 
Heald,“ Brandaleon,® Clayton,^ JIacCollum,®® and many others recommended 
the cod-liver oil ointment treatment for a wide variety of surgical lesions. Their 
observations correspond to those previousl.y cited. 

In 1941, HardiiP published an excellent paper, giving a comprehensive 
review of the literature and presenting 346 additional cases in which the lesions 
were treated with the vitamin ointment. He I'cported the first cure of “Meleney 
ulcer” by the topical application of the ointment. Hardin recommended it as 
a “superlative method” of local treatment for burns and clean and infected 
woilnds. 

ACTIVE AGENTS AND EFFECTS PRODUCED 

There is not complete agreement as to the active agents in cod-liver oil 
ointment or exactlj^ what reaction takes place when it is applied topicallj’- to 
wounds. Lauber’® and Lundh®^ concluded that vitamins A and I) are absorbed 
and act systemieall 3 L Drigalski®® and others thought vitamin A to be the active 
agent. Many are convinced that both vitamins A and D are essential and in 
order to produce the most satisfactoiy effect, they must be in the same 
proportion as that found in crude cod-liver oil. A few investigators believe the 
beneficial effect is due to the fatty acid content of the ointment. There is 
evidence that uusaturated fatty acids are related to the healtli and healing power 
of the skin. It can be stated with certainty that the same' beneficial effect is 
not produced when the vitamins are given orally. There is probably an increased 
local vitamin requirement which is met by the topical application of the oint- 
ment. 

Despite the disagreement concerning the active agents and the effects there- 
by produced, we know that cod-liver oil ointment is sterile, bacteriostatic, 
mildly bacteriocidal, and nonirritating; that it decreases pain, aids in liquefac- 
tion of dead tissue, and forms a thin pliable protective membrane on wound 
surfaces to which it is applied. Lauber*® presented experimental proof that a 
stimulating effect is produced upon epithelial and connective tissue cells. 
Clayton* stated that cod-liver oil ointment produces an elastic membrane by 
interfascial precipitation of colloids from their aqueous state. It does not 
precipitate or “fix” proteins and therefoi’e does not damage the remaining 
viable epithelial cells. This form of treatment decreases the necessity for skin 
grafting but when necessaiy it can be accomplished early because the ointment 
produces a clean granulating surface. 

Table I. Classification op 713 Lesions Treated With Cod-Iaver Oil Ointment 


WOUND NO. 

Burns ~ ^ 27I 

Major, treated with C.-L.O. ointment a.s the 26 

only local treatment 

Major, treated with C.-L.O. ointment sec- 20 

ondarily 

Minor 125 

Bcnudation and avulsion type 307 

Cutaneous and deeper structure defects following 101 

surgical procedures 

U.steomyehtis 9 

Acute 4 

Clironic 5 

Sloughing and draining ahdominal 13 

Chronic ulcerations (5 tuberculous) 24 

« uscollancous clean and infected 


SUEGEI4Y 
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CLINICAL ^VTPLICATION 

In this series, 171 hums were treated by the topical use of cod-liver oil 
ointment, crude cod-liver oil, Gadoment,* and Vitamin A and D ointment.! 
Forty-six cases were of major severitj'. Twenty-six burns were treated with cod- 
liver oU ointment topically, as the initial and only foim of local therapy. Twenty 
were treated with the ointment secondarily and after other forms of local 
therap 3 ’ h^id proved unsatisfactoiy. Esehar-producing agents had been used as 
the initial form of local therapj- in the majority of the twenty cases. 

In manj' of the cases it was necessary to administer plasma and other 
familiar s.vstemie measures hctore any consideration was given to local bum 
therapj'. Treatment of the burned lesion itself was ahvays considered of 
secondary importance and -was carried out only after instituting treatment for 
shock or for its prevention. 

Earlj’- in the series the more severe bums were thoroughly debrided under , 
anesthesia but the majority were less thoroughly debrided following the admin- 
istration of analgesics. After aseptic debridement and thorough flushing of the 
burned surfaces with warm saline solution, they ivere covered unth cod-liver oil 
ointment-impregnated flne-mesh gauze. Firm or pressure dressings were then 
superimposed. Extremities readilj' lend themselves to pressure dressings, while 
firm dressings are as much as can be accomplished when other portions of the . 
body are involved. Jleehanic’s waste proved a satisfactory form of pressure 
dressing. It is cheap and easy to sterilize. Infrequent change of di’cssing is 
recommended, as redressing often admits secondaxy infection. It is usually 
not necessarj' to change the original dressing in less than seven daj^s and it may 
well be left untouched for much longer. Properly managed burns do not often 
, become infected. 

The twenty-six major burns receiving cod-liver oil ointment as the only 
form of local therapj- responded favorablj- to the treatment as outlined. Many 
seemingly important obsex-vations xvere made on the patients dui’ing the course 
of treatment. Tliey required considerably less sedation than patients treated 
with esehar-producing agents and noticeably less than those treated with 
petrolatum gauze. Infection was almost nil in those treated with cod-liTCr 
ointment and petrolatum gauze, while it was present to some degree in prac- 
tieallj’- eyexy case in wdiich eschar-forming agents had been used. The healing 
time was ten days longer in the group in which tannic acid was used and four 
and one-half days longer in the one in which petrolatum was used. Scarring 
ivas considerably less and there were no contractures on the patients treated 
with the vitamin ointment. Severe scarring and frequent contractures were 
present in the group treated -with eschar-forming agents. The explanation is 
that the eschar-producing agents destroy remaining islets of viable epitheha 
cells, which would act as regeneration centers, while eod-Iiver oil ointmen 
produces no further injury to those cells. 

In all fairness it should be added that it is very difficult to evaluate im- 
nartiallv all factors encountered in treating clinical bums. In many cas^ i 
is impossible to distinguish between second and third degree burns when 


seen. 


There was no gi-eater need for plasma than in the control groups of twentj 
patiente were t«ated 

treated with tannic acid and other esehar-produemg agents. Despite 


Tiroduced by the E. L- Company. Boston. Mass, 
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of those who favor eschar-producing agents, the loss of fluid from the burned 
surface is slight and of little importance as compared with the loss of fluids into 
the local and the uninvolved tissues. That has been substantiated by several 
previous writers.®’ The diffusion of plasma into the tissues is the im- 
portant factor leading to hemoconcentration and shock. At least theoretically, 
the ointment combined with pressure dressings would decrease the diffusion of 
plasma, thus reversing claims made by tannic acid advocates. 

Table n. An.alytic Comparison of Tannic Acid and Cod-Livek Oil Ointment in the 

Local Treatment op Burns 


COMPARATIVE POINTS 

TANNIC ACII> 

COD-LIVER OIL OINTMENT 

Control of pain 

Questionable A-alue 

Definite value 

Range of use 

Limited 

Applicable to entire body 

Protectwe covering 

Rigid ^eschar 

Pliable membrane 

Infection 

Frequent 

Infrequent < 

Scarring 

Moderate to .severe 

Minimal to moderate 

Contractures 

Frequent 

Absent 

Dressings 

Not necessarA- 

Infrequent changes 

Skin grafting 

Frequent 

Infrequent 

' (Srd degree burns) 


- 

Fixation of tissue 

Deep fixation with dcstiuction of 

None 


viable cells 


Healing time 

Prolonged 

Shortened 

Pressure dressings 

Not applicable 

Verv applicable 

Primary shock 

No effect 

No effect 

Secondary shock 

No effect 

Of apparent preventative 
value 

.^Untoward reactions 

Not uncommon and may be very 
serious (liv'ev necrosis) 

None 


Three hundred seven denudations and avulsion type wounds were treated 
by the topical application of cod-liver oil ointment or packing with ointment- 
impregnated gauze. Many of the wounds were rather severe, involving large 
areas of skin and subcutaneous tissues, and a number presented open muscle 
wounds. Due to loss of tissues it was impossible to close some of the wounds 
while others V’ere grossly contaminated, contraindicating primary closure. The 
wounds were thoroughly debrided, flushed with a large quantity of warm saline 
solution, and cod-liver oil ointment was used as the only form of local therapy. 
Othex'wise the patients were treated in the usual manner. The dryings were 
changed infrequently. Wound infections were uncommon and no severe infec- 
tions were seen. The defects filled nuth healthy granulation tissue in a sur- 
prisingly short time. Healing time Avas five to seventy-fiA’e days, Avith an aAmragc 
of seventeen days for the group. Scarring Avas minimal to moderate. This form 
of treatment pi’oved entirely satisfactory. 

One hundred one cases Avith cutaneous and deeper structure defects, foUoAv- 
ing surgical procedures, Avere treated in a similar manner. The Avounds ranged 
from small cutaneous defects resulting from I’emoA’al of moles to large deeper 
structure defects resulting from excision of pilonidal cysts and amputation of 
breasts and extremities wliieh for Aurious reasons could not be closed at the time 
of operation. The AA’ounds Avere treated with the ointment gauze as the only 
fonn of local therapy. Infection did not dcA’elop in the clean Avounds and 
quicldy subsided in the infected ones. All AAuunds healed satisfactorily AAuthout 
skin grafting. Again, the surpming feature Avas the rapidity Avith Avliich the 
defects filled with granulation tissue thus facilitating more rapid epitheliza- 
tion. 

The cod-liA’cr oil ointment treatment was used in nine cases of osteomj-elitis. 
-\s recommended by L6hr,-° the involved areas AA’crc AAidely incised, the pus 
evacuated, sequestra removed, Avounds loosely packed AAith cod-liver oil oint- 
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ment gauze, large absorbent dressings applied, and the extremity immobilized 
in a plaster cast. No windows were cut in the casts. The casts were not removed 
or reapplied for approximately three Aveeks and in some instances the original 
easts remained undisturbed much longer. The treatment was satisfactoiy in this 
small series of four acute and five ehronic cases of osteomyelitis of extremities. 

Nineteen slougliing and infected abdominal Avounds AAxre treated by packing 
or injecting Avith cod-liver oil omtmcnt. Three of tlie patients presented the 
tj-pical sloughing and the undermining postoperatiAu abdominal Avounds, fol- 
lowing appendectomy for perforated gangrenous appendicitis. Jlany forms of 
local treatment had been applied in each instance before resorting to cod-liver 
oil ointment. Tim Avonnds Aiurc cither filled AAith the ointment or packed AAdth 
impregnated gauze. In each instance healthy granulation appeared in the 
bottom of the AVOunds in fiA’e to scA’cn days. All healed in four to nine AA’ceks. 
Several other chronically infected abdominal Avounds Avere treated in a similar 
manner AA'ith good results. 

The vitamin A and D ointment treatment Avas used in a large variety of 
miscellaneous surgical lesions, such as: tuberculous ulcerations and sinuses, 
trophic, varicose, arid other chi’onic ulcerations, lai’ge abscess and carbuncle 
cavities, frostbites, x-ray buwis, donor and reei])ienl skin grafting sites. It 
proved of particular value avIicu applied to donor and recipient skin-grafting 
sites. The ointment gauze dressing can be changed easily Avithout disturbing 
the delicate graft. Let it again be emphasized that dressings should be changed 
infrequently. 

SUJIMABY AND CONCLUSIONS 


A series of seven hundred tliirlcen cases is presented. One hundred 
seventy-one Avere burns, Avith the remainder representing a Avide variety of 
surgical conditions. Twenty-six burns of major sermritj^ were treated Avith cod- 
liver oil ointment as the only fonu of local therapy. The results Avere con- 
sidered superior to results in similar groups in AAdiieh treatment Avas Avifb 
eschar-producing agents and petrolatum. 

Cod-liAmr oil ointment is of real value in the treatment of burns and many 
other surgical lesions. This method of treatment has all the advantages of 
acid in bum therapy but eliminates many of the disadvantages. It is nonfoxic, 
nonirritating, and applicable to all portions of the body. The ointment is bac- 
teriostatic, bacteriocidal, speeds up liquefaction of devitalized tissue, and stimu- 
lates epithelial and connective tissue growth. lilinimal pliable scai-s result. The 
preparation is sterile, easy to prepare in the crude form, not expensive, and 
may be obtained on the market as a refined odorless product. No additional 
equipment is needed and no skill is required in order to apply this form o 


treatment. , . 

Cod-liver oil ointment is presented as a simple and effective local aressiu^. 


AA'itb a Avide range of use, _ _ 

Space does not permit detailed case reports Avhich appeared m 


the original 


thesis. 

The author is deeply indebted to Dr. W. A. Coventry, Dr. T. 0. Young, and Dr. 
Tuohy for their help in the preparation of this paper. 
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'.,ed and lacerated car on admission following- injury by a 
■ft ere covered with dirt, and cartilage was shredded. Aji 
occurred, but no skull fracture was present. B, Healed 
'fbridement and normal saline solution dressings. C, All 
J), Skin loss replaced by full-thickness skin graft from 




516 


SURGERY 


force and thus diminishes the violence of the blow. Except for this meager 
protective mechanism, the ear is helplessly exposed to lacerating and crushing 
worads of all descriptions. Blows, bites, cuts and stabs of civilian life have 
their battle counterparts in more destructive missiles, shrapnel, bayonet or sword 
wounds. 

Simple crushing injuries result in the formation of a hematoma whieli 
should be evacuated aseptically tlirongli a liny incision in the antihelix fold, 
followed ■ by a pressure dressing. Failure of such hematomas to ' absorb or 
repeated injuries of this Iatic give cauliflower ear, the late ti-eatment of whieli 
is difficult. 

Lacerations without loss of substance should be treated by cleansing, lavage, 
and conservative debridement. A “tongue-and-groove” joint of cartilage and 
overlying soft tissue is fashioned to prevent notcliing at the site of through-and- 
through lacerations (Fig. 1). This is done by trimming back the soft tissue 
on both sides of tlie car cartilage of one.fragment and resecting a corresponding 
bit of cartilage in the other fragment to form a “groove" into which the other 
cartilage will fit. 



A.. B. 

Fig. 1. — A, Partial avulsion of left car following truck accident: preoperative appe^^ 
aiice. B, ^ostoperattve appearance after conservative debridement and plastic repair 
^'tongne-and-groove*' junction of wound ed^e. 


Wlien an ear is badly crushed, much of the covering soft tissue and cartilage 
may be destroyed. Here, one should avoid reckless destruction of good tissue 
and initial surgery should give questionably viable tags of skin a chance to 
recover. Continuous moist dressings of normal saline solution are applied an 
chemotherapy, ivifh sulfadiazine and penicillin, is given as supportive 
to minimize bacterial destruction of the injured tissues. Such an f ^ 
with deformity, but structural preservation allows good late repair (Pig- _ >• ^ 

, One should be on the alert for damage to the 
injury or later complications should be treated prompt 
measures. Associated skull fracture is common and leakage ofje P 
S from the ear should dictate a poUcy of noninterference, regardless 

condition of the pinna. 
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Ttotrlv ■?' Subtotal loss ot right car following flash bum aboard torpedoed 
nock D 'Tho tn'uiSi S'", swung forward and tubed pedicle flap formed on the 
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THERMAL OB CHEMICAL INJURY 

Bestructioii of tlie external ear can occur from extremes of heat and cold, 
from electricity, and from the action of noxious chemicals. Although the latter 
two are less common, the familiar appearance of the ears of the burned aviator, 
tanker, or petroleum handler lias become commonplace duidng this war. Ex- 
treme damage from frostbite is equallj’- severe among exposed personnel. 

Much of this thermal injury to the ear is so intensely destructive that no 
treatment can prevent deformity. If the injury is less severe, however, good 
care can conserve the surviving tissues. Nonadherent, fine-mesh gauze, impreg- 
nated with petrolatum or parawax, and mild pressure with carefully molded 
fluffed gauze should be used for the first few days. This prevents drying and 
further tissue necrosis. Thereafter, as soon as gi'anulations appear the dress- 
ings are changed to fine-mesh gauze, wet Avith normal saline solution. These 
dressings are changed with sufficient frequency tliat all Avound discharges are 
carried aAA'ay and are not alloAved to accumulate. The prompt application of 
free thick-split skin grafts aauII then px-cA’-ent further contraction and give maxi- 
mum preseiwation of tissues and normal appearance (Fig. 3). 

In many cases extensive destruction of tlie pinna requires plastic surgical 
reconstruction. The usual methods of I’epair involve moving foi’AAmrd a flap of 
retro-auricular skin, Avith a subjacent thick-split graft, or the application of 
a cerA'ical tubed pedicle flap of skin and subcutaneous tissue, or a combination 
of both of these procedures. Cartilaginous support, or metallic supporting AAures 
or strips, are added at various stages in the procedure, according to the particu- ' 
lar desires of the operator. The end results, although not normal, are usually 
quite acceptable (Pig. 4). 


INFECTIONS AND TUMORS 

Both pyogenic and granulomatous infectious processes can destroy the ear, 
but practically the only type Avith AAiiich Ave are concerned in this paper in- 
cludes those infections AAffiich occur as a localized abscess or cellulitis folloAving 
cxnshing Avounds or burns. Systemic chemotherapy, Avith sulfadiazine and 
pencillin, is used to supplement local fomentations of Avarm saline solution. 
Early recognition and drainage of localized abscesses Avill preA’^ent many of the 
contractures Avhich foIloAV infected AA’ounds or burns of light severity. A num- 
ber of these have been noted during Woild AVar TI and their pi’ompt recogni- 
tion and treatmexit are urged. 

Benign and malignant tumors arc xuiconnnon in the niilitaiy age gToups, 
but constant A’igilance should be maintained for any suspicion.? lesions, particu- 
larly in the older, Aveathei’-beaten sailoi’. Their classification and treatment are 
beyond tlie scope of this papei*, but one x-elated traumatic agent, radiotherapy, 
may result in damage to the pinna that must be I’epaired (Pig. 5). 

SUMM.AKY 

In the surgical care of the injured external car, all viable or potentially 
viable tissues should be conserved Avhen the AA'ound is debi’ided. Lacerations 
can be repaired pi'imarilj- if thei’e has been no appreciable loss of substance, 
or simple moist dressings may be applied to an injured ear A\-hich may require 
later reconstruction. Burned ears should be kept from drying and granulating 
surfaces grafted as soon as possible. Post-traumatic aliscesses should be recog- 
nized and drained early. 



HYPBETHYEOIDISM WITH PEOGEESSIVE EXOPHTHALMOS 
AND WITHOUT TACHYCAEDIA 

Eeport of a Case 

Guillermo 0. Chapman, JI.D., and IMario Eognoni, M.D.’, 

, Eepublic of Panama 

(From the Santo Tomds and Amador Guerrero Hospitals) 

W E AEE reporting an unusual case of liyperthju'oidisin which has come 
under our observation, and which presented the following peculiaiities : 
(1) absence of taehj’cardia ; (2) severe progressive ophthalmopathy which 
dominated the clinical picture; and (3) absence of thyroid enlargement. The 
patient was successfully operated upon, and sections of the removed thyroid 
gland were reported as typical of Graves’ disease. 


case report 


C. S., a 45-year-old, dark-skinned Panamanian laborer, was admitted to the Amador 
Guerrero Hospital (under the care of M. R.), May 1, 1944, vrith the chief complaint of loss 
of weight, nervousness, and exophthalmos. He had considered himself in good health until 
a few months previously, when he began to notice a tired feeling after moderate effort, loss of 
weight in spite of good appetite, and protrusion of his eyes. He claimed to have lost thirty- 
five pounds in the preceding three months, and complained of nervousness, insomnia, excessive 
perspiration, and occasional diarrhea. But what bothered him most was the condition of his 
eyes, which were protruding, and subject to periodical bouts of edema, redness, and lacrimation 
with severe local pain. 

Physical Examination . — Examination showed an undernourished, well-built, middle-aged 
man, in no acute distress. Temperature was 98.4° F., blood pressure 130/70, pulse rate 80. 
The heart was not enlarged, nor otherwise abnormal; the thyroid was not palpable. A slight 
tremor of the extended hands and fingers was noticeable. His eyes had a staring expression 
due to exophthalmos and widening of the palpebral fissure, blinking was almost abolished, 
and the patient was imable to close his eyes because of the exophthalmos, which made it in>- 
possible for the eyelids to cover all of the protruding eyeballs. At this time no edema or 
inflammation was present in the eyelids or conjunctivae. 

During the first week in the Amador Guerrero Hospital, his weight was 102 pounds, 
basal metabolic rate plus 97, and later plus 92. Kahn blood test was negative; urine, blood 
counts, and x-ray of the chest were reported as normal. Electrocardiogram showed a normal 
sinus rhj'thm, with a rate of 80 beats per minute. The only electrocardiographic abnormality 
that was reported was a striking deformity of the P waves in Leads I and II, consisting m 


high, narrow, and peaked deflections. , 

During the first two weeks the patient was placed on a high-caloric, high-vitamin diet, 
with extra doses of vitamin B complex and vitamin C. He lost three additional poimds under 


this regimen. He began to complain of severe discomfort in the eyes, and developed redness,, 
lacrimation, and moderate edema of the eyelids. An ophthalmologist was called in consultation 
to rule out intraocular primary pathology. The conclusion was reached that the whole 
picture could fit in the diagnosis of severe exophthalmos from hj-perthj-roidism. He was then 
put under iodine therapy, and a striking improvement took place m his general condition, 
nervousness disappeared almost entirely, bowel movements diminished from four to five to 
only one each day, he gained six pounds, and basal metabolic rate fell to plus 47. ^ 

the same time, the condition of his eyes became definitely worse. The edema of the eye i s 
became conspicuous, chemosis of the bulbar conjunctiva appeared, and pain and lacrima ion 
interfered constantly with his sense of well-being. At this point the surgical departmen o 
the Amador Hospital was consulted on the advisability of immediate thyroidectomy, b 
we felt that medical treatment would not control the ophtlialmopathy which was mte 
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with the patient’s general condition, for constant pain and discomfort kept him restless 
and sleepless. No decision could be reached, and the patient continued under iodine medication, ' 
plus heav 7 sedation to control the pain in his ejes. The ophthalmopathy progressed un- 
meicilessly imtil, June 20, a perforation of the left cornea developed, with loss of intra- 
ocular fluid. At this stage enucleation of the perforated eye was considered necessary, and 
the patient was transfericd to the Santo Tomas Hospital. 

Here evisceration of the left eye, and novocain block of the right stellate ganglion 
were performed, wdth temporary improvement in the condition of the remaining eye. His 
weight now was 106 pounds, basal metabolic weight plus 55, and electrocardiogram continued 
to show high and peaked P waves with normal sinus rhythm. Fasting blood sugar was 105, 
nonprotein nitrogen 29, blood cholesterol 12C, blood calcium 11, blood Kahn negative, spinal 
fluid Kahn also negative. Urine was normal, and blood counts gave normal findings. Iodine 
medication was begun for the second time and he began to improve, gaining six pounds in 
weight, with a drop of the basal metabolic rate to plus 33. But here again doubts were 
expressed as to whether this patient really had hyperthyioidism, as most of the surgeons 
would not accept such a diagnosis with a pulse rate that never exceeded 90 per minute, and 
usually was betw'een 60 and SO. Iodine therapy was accordingly stopped. In the next two 
weeks the patient lost six pounds, and the basal metabolic rate returned to plus 55, together 
with a definite exacerbation of the toxic symptoms. With this new evidence in favor of 
hyperthyroidism, iodine therapy was reinstituted and operation performed September 27, with 
the basal metabplic rate at plus 12, and weight at 117 pounds. 



Fig:. 1. Fig. 2. 

1- — C. S., preoperative photograph taken in June. 1944. at Amador Guerrero Hospital. 

2 — C. S., photograph taken in December, 1944, three months postoperatively, at 

Santo Tomfis Hospital, Panama. 

He was transferred to the operating room under intravenous pentothal anesthesia, and 
operated upon under ethjlene ether-oxygen anesthesia. Subtotal right and total left thyroidec- 
tomy was successfully performed (G. O. C.). The removed gland was sent to the laboratory, 
and the following report was received: The specimen consisted of two pieces of thjroid, one 
weighing 19 Gm. and measuring 6 by 2 by 4 cm., the, other weighing 20 Gm. and measuring 
6 by Zyy by cm. The tissues showed congestion. The cut surface did not show formation 
of adenoma. The tissue appeared homogeneous and had a pink color sliglitly deeper than 
normal. On microscopic examination all sections showed the same pathologic picture; old 
and froch hemorrhages were found, as were a few wandering cells in the interstitial tissues. 





524 


SURGERY 


In general the acini appeared normal, but there were small areas that showed disappearance 
of colloid and changes in the shape of the epithelial cells. Careful examination did not reveal 
malignant changes nor small adenomas. Anatomic diagnosis was h 3 ^ertrophy of the thyroid 
gland with changes wliich could be considered typical for toxic goiter. 

The postoperative course was uneventful, except for a slight bronchitis that cleared 
in a few days under sulfadiazine medication. Immediately on returning to the ward he was 
placed under iodine and thyroid extract therapy (1 gr. thyroid, three times daily). 

Prom then on his basal metabolic rate has been kept within normal limits, the condition 
of the right eye has improved gradually, and at present the conjunctival edema has disappeared 
completel}', and he is even able to close the remaining eye, as the exophthalmos has disminished 
greatl}-. He has gained over thirty pounds in weight, and feels in perfect condition. No 
signs or sjTnptoms of myxedema have developed. The basal metabolic rate in the last three 
months has been kept between plus 14 (Nov. 7, 1944) and minus 9 (.Tan. 14, 194.5). Weight 
on Jan. 13 was 138 pounds. 


COMMENTS 

The presence of progressive exophthalmos with periocular edema, chemosis 
of the conjunctiva, lacrimation, pain, and ulcerative keratitis, in the absence 
of tachycardia and of enlargement of the thyroid gland, made the case a difficult 
diagnostic problem for us. It might be assumed that nervousness, -loss of weight, 
high basal metabolic rate, and gastrointestinal upsets could be due to his intense 
discomfort and mental strain brought about bj' tlie severe, progressive bilateral 
ophthalmopathy. The strongest evidence in favor of hyperthju’oidism in this 
case was the observation that under iodine therapj^ all toxic symptoms decreased 
in intensity in spite of the little, or no, effect of this type of therapy upon the 
ophthalmopathy. 

A similar case, in a 6-year-old Negro girl, has recently been reported by 
Haik,^ -with an extensive review of the literature on the subject of progressive 
exophthalmos in toxic disease of the thj'roid gland. AVe feel that our case can 
be considered a typical example of Graves’ disease of the ophthalmic type ac- 
cording to Means’ classification.- In fact, our case presented the follomng 
characteristics : 

1. Thj-i'otoxicosis was readily and repeatedly controlled by iodine medica- 
tion. 

2. The patient was a male. 

3. Thyroid enlargement was not notable. 

4. There was dissociation of thyrotoxicosis and ophthalmopathj^ as general 
improvement of the toxic sj-mptoms was often accompanied by an aggravation of 
the ophthalmopathy, and vice versa. 

5. The more conspicuous ocular signs consisted of periocular edema and 
chemosis of the conjunctiva, although in our case (as in Haik’s case) the classical 

, ocular signs of exophthalmos, lid lag, and lid retraction were also present. 

When thyroidectomy was decided upon, our main problem was to avoid the 
progression of the exophthalmos in the remaining eye, as we had observed that 
each time the basal metabolic rate had been lowered, through iodine medication, 
an increase in the severity of the ophthalmopathy resulted. Furthermore, most 
writers have warned that in such cases thjToidectomy usually brings about very 
little relief of the exophthalmos, and may even aggravate it. 

Following the theory that considers exophthalmos a product of excessive 
secretion of thyrotropic hormone by the anterior lobe of the pituitary gland, 
and considers that tliis effect of the thjwotropic hormone is counteracted by the 
presence of thyroid hormone,® and kno^ving that the feeding of thyroid extrac 
after thyroidectomy with the purpose of controlling the progression of t e 
exophthalmos had already been tried,- we gave thyi-oid extract to the patien , 
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checking the basal metabolic rate at Aveekly intervals. In this case, this measure 
seems to have been successful, as in the three months that followed the operation, 
the right eye returned to almost normal condition. 

Another interesting observation in this case was the peculiar high peaked 
P waves of the electrocardiogram. It has been common experience at the 
Santo Tomas Hospital to notice high P waves together with sinus tachycardia in 
eases of hj^ierthyroidism. This is the firat instance in which the P' waves were 
high and peaked with a normal sinus rhythm of SO per minute. ' After tlie 
operation the P -waves returned to a more normal eonfignration. 

SUMMARY 

We have presented a case of hyperthyroidism of the ophthalmic tj^ie. 
Enucleation of one eye (left) was neeessaiy, because of perforation of the cornea 
following ulcerative keratitis. Thyroidectomy followed by tliyroid administra- 
tion seems to have given satisfactory results in the control of the ophthalmopathy. 
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LOSS OP SCROTAL INTEGUMENT 
A Simple Method of Rep.air 

Frederick S. Wetherell, M.D., P.A.C.S., Syracuse, N. T. 

(From the Department of Surgery, Syractise University College of Medicine) 

' I priniaiy purpose of this communication is to call attention to a simple 

method of stretching remnants of scrotal integument to an extent which 
may obviate the necessity of using more complicated plastic-flap operations. 

Secondarily, a short resume of a case histoiy of scrotal gangrene following 
an^ operation for recurrent left inguinal hernia, in which the described method 
was used, will be presented. 

A search of the literature on gangrene of the scrotum has failed to reveal a 
leport of this condition following herniorrhaphy. There is no need here to 
discuss the pneral subject of scrotal gangrene, it being ably covered in numer- 
ous articles in general surgical and urological contributions. 

The development of the gangrene in this instance followed a typical course, 
t le cause, however, being evident rather than remote or unknoivn as is often 
the case. 

case report 

. 44-ycar-old man, had an herniorrhaphy in May, 1937, for a direct, left inguinal 

^ ornia. ^ There was recurrence one year later and a second operation was done. Three ten- 
inc i strips were t.aken from the left fascia lata. All were used in making basket-weave ro- 
pair. At the end of the first postoperative day, temperature of the patient was 101* P. 
Sulfanil amide was begun, 10 gr. (0.G50) every four hour.=. Tliere was a small amount 

lloceivpil for publication. May 12. 19 IS. 



526 


SUEGERT 


of dark red drainage with white flecks from the wound. A eulture was taken. Marked 
edema of scrotum and penis nith ecchymotic discoloration nas present. No edema was noted 
twelve hours before. ^ 

From this point on, a typical course of scrotal gangrene ensued, of the type described 
by Hinman.* The skin became reddened, tense, and glossy, and hot and tender. It then 
began to “sweat,” becoming greasy and covered with an exudate, and a moist desquamation 
began. Mbthin three days, sloughing scrotal integument was clipped away. The process 
extended until only a cuff of scrotum approximately ono inch in length remained, a bit longer 
posteriorly. Tho testes and spermatic cords were bare but not involved in the infection. Two 
organisms were found in the culture; Beta hemolytic streptococcus and hemolj'tic Staphylo- 
coccus aureus. 

At this time sloughs of fascial sutures were picked from tho hernia wound. The herniot- 
omy wound was irrigated with normal saline solution twice daily. The solution poured 
out over the exposed scrotal contents. Tho latter were also irrigated twice daily and then 
covered with petrolatum gauze. The testes were supported on a Bellevue bridge. 

For eighteen days following the loss of scrotum, the upper wound drained in lessening 
amounts with strips of fascia lata coming away at various times. The wound closed on the 
twenty-first day. From then on the temperature remained normal, having ranged daily from 
99 to 101° F. until this time. In the meantime, healthy granulation tissue had covered the 
testes and spermatic cords, tho edge of the remaining scrotal skin becoming incorporated in 
this granulation tissue. Tho sulfanilamide had been discontinued after four days, since the 
patient felt that it nauseated him. (This was in 1938.) 



Ei&. 1. Flff. 2. 


The personal equation in relation to the patient had much to do with the decision on the 
method of repair which w as finally utilized. Surgeons w ill appreciate the mental agony which 
accompanies a complication such as developed in this case The literature at that time, as 
today, proposed one of several methods of repair, all of which would no doubt have sufiiced but 
which did not seem to fit the problem. 


Undermining the contiguous areas of skin, including that of the thigh, seemed too 
dangerous from the standpoint of lighting up a latent infection. "Waiting for epithelial 
outgrowth from scrotal remnant would have unduly prolonged an already stormy recovery, 
and there was little evidence that this would occur. Furthermore, the latter method o 
repair would leave a contracting cicatrix which, while covering the testes, would not be t e 
best type of integument. Again, there was not enough scrotal skin to allow approx-ima mn 
of the edges, even had they been freed and undermined. Certainly, if possible, the 
was to be saved the nuisance of an operation requiring the use of plastic flaps from le 
sides of the thighs, which had been thought of and suggested as the safest procedur . 


•Hinman, Frank: The Principles and Practice of Urology, Philadelphia, ISSS, 
Saunders Company. 


W. B. 


wetiierell: loss of scrotal integument 


527 


At this point, recalling the enormous extent to which scrotal skin with its dartos muscle 
becomes attenuated in accommodating large hernias, the thought occurred that some method 
of sti etching tho skin might serve the purpose. This was accomplished in the following simple 
manner. 

Two strips of adhesive plaster were cut to the width of the scrotal skin remaining 
on either side, at the root of tho penis. Their length was such that tho strips could be 
brought down and, with some tension, fixed to the inner sides of the thighs, each strip 
being brought to the side opposite its upper end. Thus it was found possible to keep 
enough tension on the scrotal remnant to stretch it gradually yet not disturb the patient. 

The edges of the scrotal skin remained in their fixed position but the parts above 
gradually came domi over these edges. The adhesive was changed when it softened in its 
upper portion, and the stretching was increased by placing straps lower on the thighs each 
time. This was done daily, sometimes every second diiy. Looking back, it was probably not 
necessary to continue this stretching for three weeks, but the progiess was so remarkable 
that it became apparent that an almost normal scrotum was in the process of formation. When 
the skin had sti etched to the point at which it was considered sufficient, the edges were 
freshened and the well-stretched integument sutured over the exposed contents which at this 
time were completel}' covered by healthy granulation tissue. 

It was forty days after the first slough came away that the skin edges of the now- 
stretched scrotum were fieed from the granulation tissue. The latter was left intact. Oozing 
was controlled by hot saline solution packs. The freshened skin edges were then approximated 
by a running suture of alloy steel wire, the ends of which were twisted together over a gauze 
dressing. Healing was per primam, the patient leaving the hospital seven days later; the wire 
was removed at the end of two weeks. 

Pive years later, the sciotuni is small but perfectly normal in appeal ance and action. 
There has, strangely enough, been no recurrence of the hernia. ^ 

SUMMARY 

1. A simple method of repair of the scrotum is presented. It may be tried 
whenever there is enough remnant of scrotal integument to which adhesive 
plaster (or other means which would produce tension) may be applied. 

2. A ease of fulminating scrotal gangrene following a fascia-lata-strip re- 
pair of recurrent/inguinal hernia is cited. 

3. The method might well be tried in war wounds of the scrotum. It seems 
that patients might be spared the application of more extensive plastic proce- 
dures. 

Colonel Floyd R. Paiker, Medical Corps, Army of the United 
for the ^ meticulous aftercare in the case and desen’es a good share of the credit 
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Care of Neurosurgical Patient. By Ernest Sachs, JLD., St. Louis, 1945. The C. 1’. Jlosby 

Companj". 

The autlior has written, Aery interestingly, a most instnictivo text. Tlie treatment of 
the neurosurgical patient is concisely but thoroughly considered. Beginning with th» pre- 
liiuinarj' examination, the treatment of the patient is followed through the preoperatire care, 
the operative technique, and the postoperatir-e eaic. On pertinent controversial points such as 
diagnostic measures and surgical approaches, Sachs reviews the methods in question. He then 
points out very adequately why hi.s recommendations arc the more sound. 

The many and e.xcellent illintrations add to the value of the text. 


i 

4 


Announcement 

Due to conditions beyond the control of the editors and publishers, several is.sues of 
the JoURKAt. are printed on an inferior grade of paper. Just as soon ns the standard good 
grade of paper is available, its use will be resumed. 
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AN EXPERIMENTAL EVALUATION OP SULPASUXIDINE AND 
SULPATHALIDINE IN $URGERY^ OP THE COLON 

Edgar J. Poth, M.D., Ph.D., and Charles A. Ross, M.A., Galveston, Texas, and 
Lieutenant E. Bravo Pernandez, Medical Corps, Army of the United States 

■fThe Sicrffical ResearcJt Laboratory, Uniuersity of Texans Medical Branch) 

S UGCINYLSULPATHIAZOLE (Sulfasuxidine) was introduced as an in- 
testinal antiseptic by Poth and Knotts*' - in 1941, and phthalylsulfathiazole 
(Sulfathalidine) was similarily introduced in 1943 by Poth and Rpss.®> * These 
drugs were shown to be poorly absorbed from the gastrointestinal tract and to 
possess antibacterial activity sufficient to alter the bacterial flora affecting both 
the aerobic and anaerobic organisms. The clinical usefulness of these poorly 
absorbed sulfonamides as adjuvants in surgery of the colon has been demon- 
strated repeatedly as reviewed by Poth.®* ® 

The oral administration of phthalylsulfathiazole (sulfathalidine) and. suc- 
cinylsulfathiazole (sulfasuxidine) was shown originally by Poth and Knotts,*’ “ 
Poth,* Poth, Knotts, Lee, and Inui,® Zintel, Lockwood, and Snyder,® and Poth 
and Ross*® to alter significantly both the aerobic and anaerobic bacterial flora 
of the gastrointestinal tract. The toxicity of these drugs is relatively low,® 
however, as occasionally occurs with all sulfonamides, any particular patient 
may be sensitive to the drug, requiring that all sulfonamides must be admin- 
istered with caution. 

The effect of the alteration of the bacterial floi’a by the oral administration 
of these two drugs to dogs on the results of crushing trauma and of entero- 
enterostomy involving the descending colon was studied by the following experi- 
mental procedure. 

procedure 

Mongrel dogs were placed in individual cages and fed boiled horse meat six 
tmes daily at four-hour intervals** for three days before operation. The quan- 
tity of meat fed was such that the animals were always suffieientlj’- himgr}' to 
consume all of their food immediately. When a drug was administered, it was 
mixed with the meat. 

Fecal specimens were taken directly from the I'ectum by aspiration into 
a sterile glass tube the daj’- prior to operation and were cultured for coliform 
organisms on desoxycholate media as poured plates. The counts were made 
after i ncubation at 37° C. for forty-eight hours. Ordinarily, only the number 
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of coliform organisms present was determined, and the alteration in these counts 
was taken to indicate the degree of alteration of the bacterial flora. 

All operations were performed under ether anesthesia with observance oh 
the usual surgical precautions. Immediately after operation, the animal was 
placed upon preoperative rations, which were available as soon as he cared 
to eat. 

Cnishin-g Injxiry of Ilexm mxd Descending Colon. — Six animals were sep- 
arated into three groups of (1) three control animals on standard meat diet,' 
(2) one animal treated wth 1.0 Gm. of succinylsuKathiazole per kilogram of 
body weight added to standard meat diet, and (3) two animals treated with 
0.25 Gm. of phthalylsulfathiazole per kilogram of body weight added to standard 
meat diet. 

In each instance a large Payr clamp, having a jaw 1.0 cm. in -svidth, was 
applied across the bowel at the mid-section of the descending colon and across 
the ileum at a level 10 cm. proximal to the termination of the small antimesenteric 
artery extending cephalad from the ileocecal region. This clamp was left in 
place for two minutes and crushed the viscus so that only the submucosa re- 
mained intact. These animals all survived and were sacrificed after five days. 
The omentum was adherent at all crushed areas. The adjacent omentum and 
mesentery were extensively swollen and edematous in the case of the control 
animals, while only minimal swelling and edema were present in the drug-treated 
animals. Upon stripping away the adherent omentum, multiple small abscesses 
were revealed in the controls, whereas there was no evidence of infection when 
the animal had received either of the drugs. The following specimens were 
taken in each instance : a segment of bowel, 2.5 cm. in length, w'hlch included 
the crushed area, was excised and a control portion of bowel of equal length 
was taken approximately 10 cm. cephalad to the first. These specimens were 
wiped clean, weighed, and dried to constant weight bj'- lyophilization. The 
water content is given in Table I. Somewhat less edema occurred when either 
sulfasuxidine or srdfathalidine had been administered prior to the trauma. 

Aseptic Enteroenterostomy of Descending Colon. — Six animals were divided 
into three groups of two each. The animals in one group were placed on the 
standard meat diet, those in the second group received 1.0 Gm. daily of suc- 
einylsulfathiazole per kilogram of body weight in the standard diet, and those 
in the third group received 0.25 Gm. daily of phthalylsulfatliiazole per kilo- 
gram of body weight in the standard diet. After ten days an aseptic end-to-end 
anastomosis was performed using the Poth intestinal clamp.^® A continuous 
inner row of 2-0 chromic catgut was placed in a manner to turn in a minimum 
of bowel, reinforced with a row of interrupted Cushing sutures of No, 3 twist 
silk. These animals all survived and were sacrificed after five days. The omen- 


Table I. Loss OF Water on Lyophilization of Segments op Transverse Colon and Ileiw 
F iw DAYS Following Crushing Trauma in Treated and Untreated Animals 


TRBATilENT RECEIVED 
P RECEDING TRAUMA 

Sulfasuxidine 
Sulfathalidine 
Sulfathalidine 
No drug 
No drug 

No drug 


TRANSVERSE COLON | 

CRUSHED 

CONTROL 

SEGMENT 

SEGMENT 

78.09 

75.45 

79.31 

78.19 

79.27 

78.68 

79.16 

77.09 

79.51 

77.46 

79.75 

77.58 


WATER CONTENT IN PER CENT 


ILEUM 


CRUSHED 

SEGMENT 


75.74 
80 93 

78.45 
78.48 

79.45 
78.94' 


CONTROL 

SEGMENT 

78.49 
76.81 
77.92 
78.52 
76,03 
77.46 . 






531 


POTH ET AL.: SULFASUXIDINE AND SULPATHALIDINE 


turn was adherent at the site of suture and Avas coiisiderablj' more swollen and 
edematous in the controls than in -the animals in which therapy had been em- 
ployed. Otherwise, there Avas no significant difference. No microscopic studies 
were done. 

End-io-E'iid Anastomosis of ' Descending Colon by an Open Technique . — 
Since examinatioir of the gross specimens obtained following the aseptic tech- 
nique showed little difference between treated and untreated animals, an open 
technique accompanied by considerable soiling was studied. 

Seventeen animals were divided into three groups : the first group consisted 
of seven animals placed on the standard meat diet; a second group, five animals' 
given 1.0 6m. daily of succinylsulfathiazolc per kilogram of body weight in 
the standard diet; and a third group, five animals given 0.25 6m. daily of 
phthalylsulfathiazole per kilogram of body Aveiglit in the standard diet. 





anastomosis of bowel. A, Fine stainless steel wires are inserted through 
nila I’OFel wall to prevent retraction of the submucosa and muscularis, 

this method of flxation a more accurate and reproducible 
^ '^he inner continuous row of 000 chromic catgut is placed to 

IvSrt fvn wires and invert the wall of the bowel. D, The flxation wires will be cut 

The flxation wires are withdrawn, and the second row 
consisting of interrupted fine black silk sutures is introduced to complete the anastomosis. 


In an attempt to find a satisfactory procedure for testing the value of the 
drugs in the preoperative preparation, an open technique giving a 50 per cent 
operative mortality was sought. The use of the teeliniquc illustrated in Pig. 1 
resulted iu the death of three out of seven of the control animals and in walled- 
off perforations at the suture line in the four animals which smvived. When 
this same procedure was used on the animals m the second and third groups, 
which had been prepared with succinyl- and phthalylsulfathiazole, there were 
no deaths. No attempt was made to occlude the lumen of the bowel segments 
during suture, and extensive fecal contamination oecun'ed regularly. All 
surviving animals were sacrificed after five days. The four control animals 
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which survived and \vere sacrificed on the fifth postoperative day showed mas-" 
sive, swollen, edematous omental adhesions surrounding gross perforations at 
the line of suture. The results obtained on the two series of drug-treated ani- 
mals were practically identical. The suture lines were covered by adherent 
omentum which showed a minimum of swelling and edema. When the omentum 
was separated, two small stitch ahsees.ses were revealed. There was no evidence 
of leakage in any instandc. 

Specimens were taken to include about 1.0 cm. of bowel on either side of 
the line of suture. A small section of tlie specimen was removed for microscopic 
study. The remainder of the specimen was dried to constant weight by lyophili- 
zation and the water content wms compared to that of an adjoining segment of 
the bowel similarily ^treated (see Table II). 


Tabus U. The Kesui/ts or Opes Ax.\stomosis op the DEsoE-vorNo Colon* op the’ Doo 

FOliOVUNG THE PFvOCEDURE ILLU.STRATEP IK PiG. 1, IK TEFATED AKD UKTREATBD AKIHALS 


TREATMENT 

PER CEKT 
Water IK ! 
SPECIXIEK 

PER CEKT 
WATER IK 
COKTROL 
TISSUE 

PEE CEKT 
■WATER DIP' 
PEKEKCE 

1 

i 

CONDITION OP ANASTOMOSIS 

Sulfasaxidine 

75.85 

75,00 

+0 85 

Intact, stitch abscess 

Sulfasuxidine 

79.71 

79.30 

+0.41 

Intact, slight edema 

Sulfasuxidine 

76.69 

76.12 

+0.57 

Intact, slight edema 

Sulfasuxidine 

72.0.*? 

76.22 

-4.10 

Intact, slight edema 

Sulfasuxidine 

73.10 

76.29 

-1.10 

Intact, slight edema 

Sulfathalidine 

73.00 

74.17 

-1.17 

Intact, slight edema 

Sulfathalidine 

75.30 

74.60 

+0.70 

Intact, slight edema 

Sulfathalidine 

78 45 

75.62 

+2.SS 

Intact, stitch abscess 

Sulfathalidine 

76,27 

78.40 

+2.JS 

Intact, slight edema 

Sulfathalidine 

77.47 

78.00 

, -0.33 

Intact, slight edema 

No drug 

77.0 

74.0 

+3.0 

IValled-ofE perforation 

No drag 

74.0 

76.0 

-2.0 

WaUeO-oS perforation 

No drug 

No drug 

No drug 

80.0 

78.0 

+2,0 

Ruptured, dead 48 hr. P.O. 

Ruptured, dead 48 hr. P.O. 

Ruptured, dead 24 hr. P.O. 

No drug 

No drug 

78.83 

82.80 

78.58 

-0 25 

Perforation, peritonitis 
Walled-oil perforation 


The operations were performed in groups of three (one animal from each 
series) by the same operator (E. J. P.), on the same day, without his Icnowing 
specifically to which series any one animal belonged. The condition of the 
bowel and its contents, however, allowed the operator to differentiate imme- 
diately between the treated and untreated animals. Although it was not pos- 
sible to prevent the surgeon from knowing whether or not the animal had 
received drug therapy preoperatively, every, effort was made to perform iden- 
tical operative procedures. 

Mcroscopie study* of specimens taken through the line of suture revealed 
a considerable difference in the healing process between the control animals and 
those treated with either of the drugs. The specimens taken from the control 
animals showed an acute inflammatorj’- reaction. There was little or no evi- 
dence of granulation tissue being formed. The serosal surface was covered with 
an exudate consisting of fibrin and polymorphonuclear leucocj’ies. There was 
marked hyperemia of all vessels with extensive edema. 

The specimens taken from the animals •svhich had received either sulfa- 
suxidine or sulfathalidine showed a subacute inflammatory reaction. Along 
both edges of the suture line there was active pi-oliferation of fibroblasts and 
newly formed capillaries. The surface was covered by a layer of pink-staimng 
material made up of old fibrin, poljTnorphonucIear leucocytes in varying stages 

* ^hese studies were made by Dr. Paul Brindley, Professor of Pathologj'. University of 
Texas' Branch, Oatveston, Texas. 








POTH ET .VL. : SULFASUXIDINE AND SULFA'PHALIDINE 


533 


of disintegration, and lymphocytes. The adjoining tissues were infiltrated with 
a moderate number of polj’^morphonticlear leucoc}des, lymphocytes, plasma cells, 
and large mononuclear cells. The serosal layer was infiltrated with numerous 
lymphocytes, plasma cells, large mononuclear cells, and fibroblasts. ' Only a few 
polj’^morphonuclear cells were present in this layer. The tissue showed only a 
moderate amount of edema. In summary, the bowel of the control animals 
showed considerable edema, necrosis, and an acute inflammatory reaction with 
little or no evidence of healing, whereas the corresponding tissues from the 
drug-treated animals showed subsidence of inflammation wth well-advanced 
healing and repair. 


DISCUSSION 1 

These controlled experiments show conclusively that both sulfasuxidine and 
sulfathalidine are valuable adjuvants in surgery upon the colon of the dog. 
The reaction, as revealed by the amount of edema of the omentum adherent to 
the line of suture, is significantly less when the the bacterial flora is modified by 
the administration of the di'ugs. The most clear-cut evidence of the value 
of these drugs is revealed by the results which followed the method of open 
anastomosis, wherein no effort was made to prevent fecal soiling of the operative 
field. Even though the degree of spillage was much greater following the 
administration of sulfasuxidine because of the semifluid nature of the contents 
of the bowel, there was a strildng difference in the operative mortality and mor- 
midity. Forty-three per cent of the control animals died of generalized peri- 
tonitis due to disruption of the line of suture. One hundred per cent of the 
control animals showed gross leakage at the line of suture. ' These observations 
are in contradistinction to absence of death and lack of gross leakage through 
the suture line when the animals had received sulfasuxidine and sulfathalidine. 
.Furthermore, in the control experiments there was acute inflammation and little 
evidence of healing and repair by the fifth postoperative day. Following drug 
therapy, the inflammation had subsided and the tissues had undergone orderly ' 
repair and healing. 

CONCLUSION 

This study shows sulfasuxidine and sulfathalidine to be valuable adjuvants 
in surgery on the colon of the dog. The indications are that the so-called aseptic 
methods of anastomosis should be used whenever possible, but it is evident that 
an open technique may be undertaken with a considerably increased degree of 
safety. These observations support the satisfactory results obtained when man 
is treated in a similar manner. 
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SUEGEKY OP THE COLON IN THE POEWARD BATTLE AREA 

ULtjoR .James i\I. SIasox III, SIedical Corps, Army op the United States 

W HENEVER colon Mounds among battle casualties are mentioned, the 
subject is usuallj’’ dismissed ivith the dictum, “Exteriorize all colon 
MOunds.” But, the question is often asked, “How?” Uncertainty may exist as 
to how to handle a particular colon wound. Sliould one always construct a 
double-barreled, spur colostomy 1 At the base hospitals some surgeons have felt 
that all colostomies should be closed by crushing a .spur. Colon injuries, as a 
\ group, carrjr a high mortality and are among the most serious injuries that 
•' one encounters. However, the management of them and the indications for 
performing different tj-pes of colostomies seem clear cut; confusion over these 
points need not exist. 

Trauma to the colon may be grouped as follo-\vs: (1) Perforations of the ante- 
mesentcrie poidion up to one-half of the diameter of the segment; (2) perfora- 
tions of the mesenteric border and perforations of the antemesenteric border 
■ larger than one-half the diameter; (3) severely torn segments necessitating re- 
section of a segment; (4) complete transections ; (5) injuries to the mesentery 
producing nonviable segments; (6) the first five groups occun’ing in the recto- 
sigmoid just above the pelvic floor; (7) The same five groups occurring in the 
rectum, between the pehne peritoneum and the anus; (8) injuries necessitating 
right colectomy or cecectomy. This last gi-oup (8) will be discussed separately, 
as it involves the handling of ileal contents. 

All exteriorizations of the colon, that is, aU colostomies, should be planned 
and constructed, bearing in mind the simplest and most feasible method of 
closure at a later date. With this point in mind it becomes evident that a double- 
barreled spur colostomy need not always be performed, nor should one think that 
all colostomies should be closed by clamp-crushing of a spur. There are two 
types of colostomies to employ, each being indicated in specific cases. They are 
(1) the tangential or simple, no spur, loop colostomy and (2) the sutured, long, 
double-barreled, spur colostomy. Into Type 1 colostomy (the simple, no-spur loop 
type) falls Group 1 of the tramnatic injuiries listed. AVhy? Because these ante- 
mesenteric perforations, less than one-half of the diameter of the gut in extent, 
are preferably and more simply closed, at a later date, by freeing the gut from 
the abdominal wall and simply closing the perforation with a continuous “0 
- chronic catgut suture in the fashion of Connell reinforcing this row with inter- 
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rupted Lembei't sutures of silk and dropping the segment beneath the faseia of 
the abdominal wall but exteilor to the peritoneum. If the peritoneiun is thin or 
cannot be dissected free from the fascia of the abdominal wall, then the sutured 
gut can be dropped back into the free peritoneal cavity with impunity. It is 
taken for granted that, when one elects to close a colostomy, he will undertake 
it only on a prepared colon; prepared mechanically Avitli laxatives and irriga- 
tions with or without the use of succinyl-sulfathiazole, preferably by a combina- 
tion of both. This type of colostomy is indicated’ also as a proximal colostomy in' 
treating injuries in Group 6 which involve the rectosigmoid portion of the colon. 
The damaged portion of bowel at this level cannot be mobilized enough to be ex- . 
teriorized. And, again, this simple, no-spur, loop eolostom.y is indicated in 
injuries of the rectum where a proximal colostomy is alwaj’s necessary. Some 
think that a no-spur, loop colostomy does not sufficiently defunctionate the distal 
segment in order to employ it in Groups 6 and 7. After talking to base surgeons 
?-bout this point and after seeing some of the patients with examples of in- 
sufficient defunctioning of the distal segment, I believe that, in part, this ob- 
jection is based on faulty technique in performing the loop colostomy rather^ 
than on the principle of the use of this type of eolostomjL One of the most fre- 
quently encountered complications of colostomies has been that of reti’action. 
This retraction is due to improper mobilization of the segment. A fecal fistula 
results and, of course, insufficient defunctioning of the distal segment also re- 
sults. In the majority of injuries falling in Groups 6 and 7, a pi’operly per-' 
formed no-spur, loop colostomy is quite sufficient. In exceptionally severe in- 
juries of the rectum in which it is obvious that diversion of the fecal stream 
will be necessary for a long time, complete transection of the proximal- colon 
with suturing pf a long double-barreled spur colostomy to be crushed. later with 
a clamp is preferable. A no-spur, loop colostomy brought out through a grid- 
iron incision with a small but adequate incision placed on the antemesenteric 
border of the exteriorized loop is a simple, quickly performed, and easilj’’ closed 
type of colostomy. 

Conversely, trauma in Groups 2, 3, 4, and 5 should be treated by construction 
of a double-barreled spur colostomy. Thereby, the stage is set for early, easy 
closure by crushing the spur with a clamp. If these injuries are treated only by 
exteriorizing without constructing a long, double-barreled, spur colostomy, the 
re-establishment of continuity of the gastrointestinal tract at a later date will 
develop ino a complicated procedure. 

The surgeon in the forward area should consider the problems confronting the 
surgeon in the base area when he constructs a colostomy, and have in mind, at 
the time, making the closure as-isimple as possible. The proper time to lay the 
groundwork for closing a colostomy is when that colostomy is first made. The 
surgeon in the forward area should indicate clearly on the record the type of 
colostomy he made and what type of closure he had in mind when making it. 
The surgeon in the base should heed tliis and perform a closure accordingly. It 
is simply a matter of cooperation between the two surgeons. 

Trauma in Group 6 wiU, of coui-se, need, as previously stated, a proximal 
no-spur, loop colostomy. In addition, since exteriorization of the perforation 
is anatomically impossible at this level, a simple antemesenteric perforation 
needs only to be closed. Large teai-s, etc., should be treated by resection. In this 
area a lateral anastomosis will usually be impossible, and an end-to-end 
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anastomosis will be the one of choice. This region, then, namely the recto- 
sigmoid just above the pelvic peritoneum, is the onlj* place that resection of the 
colon with anastomosis is advisable. To repeat for the sake of emphasis, if the 
area cannot be exteriorized a proximal colostomy is mandator}’’ and the perfora- 
tions should be closed or resected and anastomosed. 

In regard to Group 7 (injuries of the rectum), a eoccygectomy, through 
a horseshoe incision, is sonietimes necessary for adequate exposure of the 
injured area for drainage. Howevei-, eoccygectomy is not advised as a 
routine procedure because of the sequela of osteomyelitis of the sacrum Avhich 
is sometimes encountered. In most instances adequate di’ainage has been ob- 
tained without eoccygectomy. These lesions obviously should have in addition 
to posterior drainage a proximal colostomy. As just stated, in most instances 
one of the simple no-spur, loop type is sufficient. If feasible, closure of the per- 
foration is desirable. If this breaks down nothing is lost. If one be confronted 
with a large tom segment it would not be wise to attempt an end-to-end 
anastomosis at the time of the initial opei'ation. One should wait imtil a later 
date at the base to attempt re-establishment of the continuity of the gastro- 
intestinal tract. At this elective time at the base, all of the available length of ia- 
testine can be utilized and one will have a better chance for primary healing. Also, 
to seem’e enough length of bowel in this limited fixed area to perform an 
anastomosis if, for instance, a segment of any length be lost, it would behecessar}’ 
to incise the peMc peritoneum, puU dorna sufficient redundant rectosigmoid for 
anastomosis with the shorter fixed portion near the anus, and to close the pelvic 
peritoneum aroirnd the displaced rectosigmoid at a level higher than that at 
which it was originally attached. Regarding the initial surgery, in cases of ex- 
tensive damage to the rectum, a point to remember in performing -the proximal 
colostomy in the redundant rectosigmoid is to leave sufficient length distal to 
the colostomy for a later puU-down operation from below as described. 

“When should one open a-colostomy?” One need have no fear of peritonitis 
developing from retrogi-ade soiling through the opening in the abdominal wall. 
M a proximal colostomy is being constructed for an unexteriorizable injury to 
the rectosigmoid or to divert the fecal stream from a perforated rectum, the 
colostomy should be opened at the time at which it is made ; that is, on the operat- 
ing table. One is defeating the purpose of the operation if he waits t’wenty-four 
to forty-eight hours before opening the colostomy. During the period of delay 
the closed perforation or resection of the rectosigomid or the closed perforation 
or open laceration of the rectimr ■will be bathed in feces. If a perfoi’ation in the 
mobilizable portions of the colon is exteriorized it should be left open ; there is 
no need to place a clamp on it for twenty-four to forty-eight hours. If the ex- 
teriorized perforation is a very small one, oneway -wish to close it, leaving it 
exteriorized. If primary healing occurs, so much the better. If the suture line 
breaks down no harm is done. It is well to empty mechanically as soon after 
operation as possible all feces from the rectosigmoid or rectum. 

In constructing a spur or loop colostomy the colon should be so mobilized 
that the colostomy lies free and quite loosely on the abdominal wall. All ten- 
sion, tacking sutures to hold it to the abdominal wall, and dependence on clamps 
to prevent retraction into the peritoneal carfty, should be avoided. This is a 

most important point. i act <;ix 

The length of a long, double-barreled, spur colostomy should be at _ 
inches, and the two long separate continuous roivs of catgut sutures, abou 
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foui’tli inch apart, should he placed on the antemesenteric borders of the two 
loops. These toito are best placed along two of the longitudinal fascial bands 
on the colon. Notes should be made of this so that when a clamp is placed for 
crushing the spur, it can be placed between these two rows of sutures. This 
%vill prevent any herniation of small bowel between the loops, any danger of 
clamping the mesentery, and will give an opening between the two loops that 
lies between two lines of sutures. A portion of these two lines of sutures will 
lie below the level of the peritoneum. For this reason, it is of the utmost im- 
portance to place the sutures not so deep as to run the risk of entering the lumen 
of the gut. If this precaution is not taken, there may be a late perforation due 
to infection along the suture line. 

One point that should be emphasized in dealing with the colon is that of 
mobilization. The entire right colon, both flexures, and a portion of the 
rectosigmoid have about one-half of their diameter lying retroperitoneally. In 
explorations and in relief of tension on colostomies, the simple procedure of 
mobilizing these areas should be kept in mind. The lateral attachments of 
these portions of the colon are avascular, the mesentery eoming in from the 
medial aspect, and they can be incised with impuriity, displacing the colon 
mediallj’-. 


_ Injuries of the right colon from the ileocecal junction distally, necessi- 
tating removal of the cecum and any portion of the right colon, are a problem 
because of the difficultj^ in dealing with the transected end of the terminal 
ileum. The open end of the ileum is, of course, a problem because of the erosive 
action of its contents if allowed to drain out into the abdominal wall. There 
are four ways of handling this problem. First, a primary anastomosis may 
be performed between the terminal ileum and the cut end of the transverse 
colon (end-to-side ileotransverse colostomy), the blind end of the colon being 
turned in by suture. Second, an end-to-side primary anastomosis may be per- 
formed, bringing out, through a stab wound, as a safety valve, the blind open end 
of the colon.^ Third, a lateral anastomosis may be performed between ileum and 
colon, bringing out both ends (ileum and colon) distal to the anastomosis as a . 
ouble-barreled, spur colostomy. Fourth, ileum and colon may be exteriorized as 
a ong, sutured, double-barreled ileocolostomy constructed for the purpose of 
ear y crushing of the spur with a clamp. The first three procedures are objee- 
lona le since they necessitate a primary anastomosis in an unprepared colon. 

lis is too dangerous a procedure to employ. The fourth alternative is the one 
V ich has been used ■with good results. Early crushing of the spur back at the 
base hospital within two to three weelm, or earlier crushing at the front, prefer- 
a 5 the former, will prevent any irreparable skin erosion. Postoperative care 
consisting of vitamins and correction of dietary deficiencies and restoration of 
ood chemistry to normal levels will play a large part in such treatment. 

All exteriorizations should be brought out tlirough separate stab wounds and 
not thiough the upper or lower poles of an exploratoiy incision. Often it has 
een convenient to bring a colostomy out through a debrided wound of entrance 
or exit, but this is avoided if possible. 

There is a place for tube cecostomies in liandling single perforations of the 
cecum. However, in general, it is preferable to exteriorize such wounds. The 
e\acuation of the patient and the change of hands that he unavoidably falls 
into may produce periods of time when proper attention cannot be paid to the 
tube. 
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A tube may be of advantage in diverting the stream of ileal contents in an 
ileocolostomy, or may be used in a colostomy, but its period of usefulness is short 
as leakage occurs around the tube. In practice we have nottjmployed tubes for 
such purposes. 

Questionably vialde areas of colon due to damaged mcsenteiy or to trauma 
to the wall of the gut proper should be exteriorized. 

The management of war wounds of the colon differs materially from the 
management of lesions of the colon generally encountered iii civilian pi'actiee. 
The excellent results obtained in civilian px-aetice by the performance of primary 
anastomosis on the properly prepared colon permitted the immediate replace- 
ment of the anastomosed portion into the general peritoneal cavity. In dealing 
with emergency war surgery it is felt that all colon injuries should be ex- 
teriorized and no primary anastomosis is warranted. 

The opinions herein stated are based on two yeai-s’ experience in performing 
initial, first prioi’ity surgery as the operating surgeon on a general surgical team 
of an auxiliary surgical group employed in several of the most forward hospitals 
set up next to a di'vision clearing station. This experience was gained with the 
Seventh Army in the Sicilian Campaign and with the Fifth Anny in the Italian 
Campaign. 

CASE REPORTS 


The following eight cases will illustrate the different types of colostomies 
and the conditions in which each was indicated. 


Five cases of trauma to the right colon, including the cecum were of suf- 
ficient extent to require removal of cecum, ascending colon, and hepatic flexure. 
Each of these was handled by .sutxxring a long, two row double-barreled, 
spur ileotransverse colostomy bringing the ileocolostomy out through a separate 
incision as described. Three of these patients (Cases 1, 2, and 3) died in the 
immediate postoperative course due to the severity of their Avounds. This type 
of ileocolostomy, in itself, obviously did not contribute to death. One patient 
(Case 4) had an uncomplicated postopei-ative course. The ileostomj- began func- 
tioning Avell on the third postopei’ative day. The patient Avas evacuated to a 
base section on the fifteenth postoperative day. On this day there Avas a small 
amount of redness beginning to appear around the ileostomy opening. FoHoAV'-xxp 
on this ease revealed that the spur Avas satisfactorily cimshed during the fourth 
week and that no serious errosion of the abdominal Avail had occurred. 


One patient (Case 5) Avas operated upon at a time recent to that of this 
Avriting, and folloAV-up data on the case have, as yet, not been obtained. Due 
to the rapidity Avith Avhich our battle lines Avere moving fonvard at the time, 
it Avas necessary to leave this patient on the third day. Although obviously 
suffering from peritonitis, the patient seemed to be Avithstanding the infection 
and I assume that he survived. 

Case 6 illustrates trauma to the splenic flexure of such extent that it Avas 
necessary to resect this portion of the colon and consti-uct a long, sutured double- 
barreled, spur colostomy. This case also is exemplary of that group of injunes 
occurring in the rectosigmoid so Ioav doAvn that they cannot be exteriorized. 

Cases 7 and 8 are examples of injuries of the colon that required only simple 
exteriorization of the perforation as a no-spur loop colostomy. 


Case 1. — A soldier was injured 2:00 A.M., Jan. 23, 1944, by shell fragment. 
upon at 6:00 P.M., Jan. 23, 1944. The patient was in extreme shock when 
hospital. Examination revealed a penetrating wound of the right upper q 
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of the abdomen and a severe compound comminuted fracture of the right tibia and 
fibula, middle third. Exploratory laparotomy was carried out through an upper mid- 
line incision (xiphoid to just above' the umbilicus). Macerated hepatic flexure, ascending 
colon, and terminal ileum uerc found. Shell fragments lay free in the pelvis. No other intra- 
abdominal viscera were injured,- extensive fecal soiling. The entire right colon and 
a portion of the right half of the transverse colon were removed, along with the first 
four inches of the terminal ileum. Long-sutured, spur, ilcotransverse colostomy was con- 
structed and brought out through the ddbrided Avound of entrance. The fracture Avas dfibrided 
and a cast applied. In spite of supportive therapy of whole blood, pla.sma, glucose, and 
saline before and during operation in the postoporatiA-e course, the patient died Jan. 25, 
1944. Autopsy revealed only the facts found at operation. 

Case 2. — A soldier AA’as injured 9:00 a.m., March 12, 1944, by shell fragment. He was 
operated upon at 6:00 P.M., March 12, 1944. The patient responded to treatment for shock Avhen 
admitted to the field hospital. Examination roA’ealed a penetrating Avound just below the costal 
margjn in’ the right posterior axillary line and a loft thoraco-abdominal Avound Avith the 
wound of entrance in the tenth interspace, left midaxillary line. X-ray showed a small amount 
of clouding at the base of the left lung field, with no pneumothorax. A foreign body lay in 
the left upper quadrant of the abdomen just beloAv the diaphragm. A foreign body from the 
wound of entrance on the right lay in the right lumbar muscles. Urine was grossly bloody 
on catheterization, at admission. Exploratory laparotomy was carried out through an upper 
midline incision, xiphoid to umbilicus. Bight nephrectomy Avas done for a severely mascerated 
kidney AAdth large laceration through the pelAus of the kidney. Bight colectomy A\’as done 
for multiple perforations of the ascending colon and impairement of the blood supply to the 
cecum. A long, sutured, double-barreled, spur ileotransverse colostomy was constructed and 
brought out through a right McBumey incision. The foreign body Avas removed from the 
lumbar muscles. The foreign body in the left upper quadrant Avas removed from where 
it was found to be lying on the spleen AAithout injuring that organ. Perforation of the left 
diaphragm was sutured from below. The penetrating Avound on the left side of the chest 
was d6brided. The left lung expanded under positive pressure and the wound Avas closed to 
prevent sucking. The patient died March 15. Autopsy revealed a purulent generalized perito- 
nitis, paralytic ileus, and bilateral pneumonic consolidation of the loAver lobes of both lungs. 

Case 3. — A soldier was injured 10:00 P.M., May 31, 1944, by shell fragment. He was 
operated upon at 3:30 a.m., June 1, 1944. Examination revealed a perforating wound of the 
abdomen, with its entrance in the upper midline just above the umbilicus, and exit in the right 
flank. He was in severe shock on admission to the field hospital but responded to shock 
therapy. Exploratory laparotomy was made through the upper midline incision. The right 
colon, hepatic fiexure, and right half of the transverse colon were tom to shreds. There was 
a small perforation of the second portion of the duodenum and almost complete transection 
of the lower third of the stomach. Extensive muscle damage aa-ub present in both wounds. 
Tliere was extensiA’e peritoneal contamination from the colon and the stomach. The cecum, 
ascending colon, hepatic flexure, and right half of the transA-erse colon were removed. A long, 
sutured, double-barreled, spur ileotransverse colostomy Avas brought out through the left upper 
quadrant subcostal stab AA’Ound. Laceration of the stomach AA’as sutured and perforation of 
the doudenum closed. The patient died forty-eight hours later. Autopsy revealed only the 
facts knoAvn at operation. 

Case 4. — A soldier injured 10:00 a.m., Feb. 19, 1944, was operated upon 8:00 p.m., 
ieb. 19, 1944. Examination revealed a penetrating Avound of the abdomen, Avith the wound 
of entrance just below the right costal margin posterior to the axillary line. A missile (enemy 
rifle bullet, .30 caliber) could be felt beneath the skin in the back just to the right of the 
third lumbar vertebra. Exploratory- laparotomy was made through the upper midline incision. 
The cecum and ascending colon, AA-hich AA-ere irreparably damaged; Averc removed. A long, 
sutured double-barreled, spur ileotransverse colostomy was brought out through a stab wound 
m the right upper quadrant of the abdomen. The foreign body was removed through a counter- 
incision posteriorly. The postoperative course was uncomplicated. The patient was evacuated 
to tlio base area on the fifteenth postoperative day; the spur Avas crushed in the fourth post- 
operative Avcck. There was minimal erosion of the abdominal wall. The upper midline incision 
healed. 
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Table I. Mortautt Bates 


Proceduke 

NO. OF CASES NO. OP DEATHS 

MORTALITY PEE CENT 


Curative Mesections 

' 


Eight side 




Eight hemicolectomy 

49 

14 

28.6 

Left side 




End-to-end anastomosis 

21 

4 

19.0 

Anterior resection or Hartman 

14 

0 


Modified Mikulicz 

33 

5 

15.1 

Total 

117 

23 

19.6 


Palliative Operations 



Eight side malignancy 

22 

4 

19.0 

Left side malignancy 

59 

13 

22.0 

Total 

81 

17 

20.9 


Simple Exploration 



Bight and left exploratory laparotomy 26 

6 

23.1 

Total 

224 

46 

20.5 

resections were carried out with 12 deaths, a mortality of 29.2 per cent. Four 

Mikulicz type procedures after the fashion of Laliey* 

were done ivith 2 deaths. 

a mortality of 50 per cent. A two-stage resection was done 

in 2 cases with no 

deaths. Two cases of hemicolectomy with ileostomy 

were 

recorded ivith no 

deaths (Table II). 




^ Table n. 

EESECTIONS OF THE ElOHT CoLON 


OPERATIVE PROCEDURE 

NO. OF CASES NO. OF DEATHS 

mortality per cent 


Cancer 



One stage 

41 

12 

29.2 

Mikulicz 

4 

2 

50.0 

Two stage 

2 

0 



Polyposis 



Colectomy with ileostomy 

2 

0 


Total 

49 

14 

28.6 


The causes of death are listed in Table III. Sepsis in the form of either 
localized or generalized peritonitis accounted for 57.13 per cent, of aU the 
deaths. Pneumonia, cardiac failure, mesenteric thrombosis, and urinary tract 
infection account for the remaining 6 deaths. 


Tabel nr. Causes of De.ath in Right Hejiicolectomt 


CONDITION 

NO. 

MORTALITY PER CENT OP TOTAL 

Generalized peritonitis 

6 

42.9 

Localized peritonitis 

2 

14.3 

Bronchopneumonia 

2 

14.3 

Cardiac failure 

2 

14.3 

Mesenteric thrombosis 

1 

7.0 

Urinary tract infection with septicemia 

1 

7.0 

Total 

14 



NEOPLASMS OF THE LEFT ABDOMINAL COLON 
Of 142 lesions of the left side of the colon which were explored, 68 were 
resected, an operability rate of 47.8 per cent. There were 9 deaths in these 
68 resections, a mortality of 13.2 per cent. 

Three t3T)es of procedures were used in the operative attack on lesions of 
the left side, in part dependent upon location. There were 33 modified Mibuhcz 
procedures after the method of Kankin,® with 5 deaths, a mortality of 15-1 
per cent; 21 resections with immediate anastomosis were done with 4 deaths, 
a mortality of 19 per cent, and 14 anterior resections or Hartman procedures 
(3) with no deaths (Table IV). 
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Table IV. Eesections for Left Side of Colon 


OPERATIVE PROCEDURE 

NO. 

DEATHS 

MORTALITY PER CENT 

Modified Mikulicz 

33 

5 

15.1 

Resection and immediate end-to-end anastomosis 

21 

4 


Hartman procedure 

14 

0 


Total 

68 

9 

13.2 


The comparison of results of the modified Mikulicz pi’ocedure and the end- 
to-end anastomosis is of particular interest. Reports in the literature show a 
division of opinion among surgeons with respect to the type of procedure which 
should be used. Some favor resection with immediate anastomosis while others 
advocate the Miloiliez operation or one of its modifications. Among the advo- 
cates of the- modified Milruliez procedure are Banldn,® Oattell,® Jones, ^ and Mayo 
and Twyman.® Some of the proponents of resection and aseptic anastomosis are 
Stone and MeLanahan,® Whipple,^® Wangensteen,® Zinninger and Hoxworth,^^ 
and Allen.* If mortality and morbidity do not differ in the two procedures, 
resection of the bowel with immediate restitution of its continuity would seem 
the more desirable. 

MODIPrED MIKULICZ RESECTION 

There were 33 modified Milnilicz resections of the left side of the colon 
with 5 deaths, a mortality of 15.1 per cent (Table I). Of these resections, 32 
were for carcinoma and 1 for sigmoiditis. The causes of death are listed in 
Table V. 

Sepsis was responsible for all of the deaths in this group. Peritonitis -was 
responsible for 60 per cent. A brief analysis of the deaths follows. 

1. T, H. (No. 40-12891) had marked obstruction of the colon at the time of operation 
and a note was made that it required the largest type of crushing clamp to grasp this 
dilated limb. The patient died with gangrene of loops of colostomy and generalized 
peritonitis. 

2. M. P. (No. 42-4900) had marked obstruction and dilatation of the bowel at operation 
and subsequently the colostomy pulled out of the proximal clamp and retracted into the 
free abdominal cavity. The patient died of generalized peritonitis. 

3. ^ B. S. (No. 44-10666) had had a cecostomy done nine weeks prior to admission to 
tie University Hospital. This functioned poorly and at operation the bowel was dilated 
twice its normal size. The patient died of generalized peritonitis. 

, ^^'^^112) had far -advanced tuberculosis and was mentally incompetent. 

S e lad an obstruction on admission and had a transverse colostomy nineteen days preceding 
resection of the sigmoid and urinary bladder. The appendix was removed "at the same time 
because it showed evidence of obstructive changes. This patient died of uremia, wound 
infection, and cache.xia, 

5. J. H. (No. 42-10413) developed a urinary tract infection, perinephric abscesses, and 
became uremic postoperatively. The cause of death was urinary tract infection and uremia. 

This review of the deaths graphically illustrates the adage that obstructed 
bowel should ahvays be properly decompressed before resection is carried out. 
Rankin* recently re-emphasized that obstructed and ulcerated bowel allows 
virulent organisms to penetrate the botvel, and that even the mere manipulation 
is sufficient to cause peritonitis. 

The closure of the colostomy presented a major problem in this gi*oup of 
resections. Twenty-two patients had 1 closure of the colostomy and one had 3 
closures of the colostom 3 % a total of 25 closures ivith 12 disruptions, a rate of 
failure of 48 per cent. There were 11 fecal fistulas in the 23 patients at the 
time of discharge. "Wlien last heard fi-om 6 of these had healed, this leaving 
only 5 persistent, and one of these maj' be ruled out because of death from 
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Table V. Causes of Death in Modified Mikulicz Resection 


CAUSES 

NO. 

PER CENT OF TOTAL MORTALITY 

Generalized peritonitis 

3 

60 

Wound infection and cachexia - 

1 

20 

Bilateral perinephric -abscesses 

1 

20 

Total 

5 

100 


recurrence of the carcinoma. Therefore, there have been 4 persistent fistulas in 
23 patients, or 17 per cent. There were 5 patients in whom no attempt was 
made to establish bowel continuity ; 2 of these died of carcinoma in the interim, 
1 had a recurrence, and 2 have never returned. 


RESECTION WITH IMMEDIATE END-TO-END ANASTOMOSIS 

There were 21 resections with immediate end-to-end anastomosis of the 
colon with 4 deaths, a mortality of 19 per cent. Of these resections, 17 were 
for carcinoma of the colon, 1 for metastatic malignant melanoma, and 3 for 
carcinoma of the stomach with associated extension to the colon (Table VI). 

A brief analysis of the deaths follows (Table VII). 


Table VI. Resection With Imjiediate End-to-End Anastomosis 


CONDITION 

NO. 

DEATHS 

PER CENT 

Primary malignancy of colon 

17 

3 

17.6 

Malignancy with extension to colon 

4 

1 


Total 

21 

4 


Table VII. Deaths in Group 

or End-to-End Anastomoses 

1 

Generalized peritonitis 


3 


Cardiac failure 


1 


Total 


4 



1. J. K. (No. 39-15433) died on tlie eighth postoperative day of generalized peritonitis, 
the signs and symptoms of which became present on tlie seventh postoperative day. Autopsy 
revealed deliiscence of the anastomosis with leakage. 

2. A. P. (No. 42-1038) was admitted with a rather advanced obstruction. A- 
liminary decompressing cecostomy was performed and fourteen days later resection and 
end-to-end anastomosis were carried out. The patient developed an iptraperitoneal abscess 
which was drained on the twelfth postoperative day. Her course was steadily downhill 
and she died on the thirty-first postoperative day. Autopsy showed dehiscence of the anterior 
wall of the colocolostomy. 

3. T. P. (No. 43-7387) had resection of a malignancy of the splenic flexure. The 
tumor was difficult to remove and the colon was broken into tliree times at operation. A 
wound infection and bronchopneumonia developed postoperatively on the ninth and eleventh 
postoperative days, respectively. On the twenty-eighth postoperative day an intraperitoneal 
abscess was drained. The patient died the same day and autopsy revealed a generalized 
peritonitis with dehiscence of the suture line in two places. 

4. E. G. (No. 43-8709), who had diabetes with auricular fibrillation, had a subtotal 
gastrectomy and colectomy for carcinoma of the stomach with extension to the colon. She 
developed symptoms of a left femoral embolus on the first postoperative ,day and this was 
removed. Death occurred on the second postoperative day from auricular fibrillation and 
cardiac failure. No autopsy was obtained. 


1 


In this group of patients there tvere 9 decompressing procedures, either 
transverse colostomy or cecostomy; 7 of these were done prior to the date of 
resection, and 2 were done at the time of the resection. In this group there 
was only one death, a mortality of 11.1 per cent. , ^ 

The decompressions were closed in 5 cases and there were two breaKUoum , 
a failure rate of 40 per cent. One sigmoid colostomy previously performed a 
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another hospital was removed at the time of resection with a' good end result. 
Three cecostomies closed spontaneously. 

Comparison of the modified Mikulicz procedure and the resection with im- 
mediate end-to-end anastomosis follows: There was little choice as far as sex 
was concerned, with 17 women and 16 men in the modified Mikulicz series, and 
11 women and 10 men in the end-to-end series. The average age was 59.4 in 
the Mikulicz 'series and 61.7 in the end-to-end series. The average number of 
hospital days was 56 in the Mikulicz group and 43 in the end-to-end group. 
This includes all days spent in the hospital, both pre- and post-operatively. Of 
the 28 patients who survived in the Mikulicz group, there were, at the time 
of the last follow-up, 5 persistent fecal fistulas. If the patient with recurrence 
is ruled out of this group, there remain 4 with unhealed fistulas or 17.0 per cent 
of the operative survivals. In the 17 patients who survived the operative pro- 
cedure with end-to-end anastomosis, there were 2 persistent fistulas present, 
or 11.7 per cent. There were 13 wound infections in the Mikulicz group, or 39.3 
per cent, and 6 wound infections in the end-to-end group, or 28.5 per cent. The 
mortality has been compared in Table IV. There was an over-all mortality rate 
of 15.1 per cent with the Mikulicz procedure and 19.0 per cent with the end-to- 
end anastomosis. In order to gain a better comparison of the trend which the 
two procedures are taking, the cases are broken dow into separate years in 
Table YIII. 


Table VUI. Comparison of Mompied Mikclioz Procedures "With Resection and 
Immediate End-to-End Anastomosis bt Years 



MIKUIACZ 



END-TO-END 





mortality 



mortality 

year 

NO. 

DEATHS 

per cent 

NO. 

DEATHS 

PEE CENT 

1937 

1 

0 


0 



1938 

2 

0 


0 


, 

1939 

1 

0 


4 

1 

25.0 

1940 

6 

1 

16.6 

0 



1941 

6 

0 


0 



1942 

6 

2 

33.3 

3 

1 

33.3 

1943 

4 

0 


5 

2 

40.0 

1944 

7 

2 

28.6 

9 

0 


Total 

33 

5 

15.1 

21 

4 

19.0 


ANTERIOR RESECTION 

An anterior type of resection or Hartman procedure was carried out in 14 
cases, with no deaths. This is remarkable when it is remembered that the pro- 
cedure was used in poor-risk subjects and on low-lying lesions. It' is, however, 
not attended with any of the dangers inherent in the operations which re- 
establish the continuity of the bowel. There were 10 men and 4 women in this 
group -with an average age of 61.1. Wound infection and disruption occurred 
in only two instances (Table I). 

PALLIATIVE procedures 

There were 19 sidetracking operations for lesions of the right side with 
4 deaths, a mortality of 21 per cent. There were 10 sidetracking operations for 
lesions of the left colon with 5 deaths, a mortality of 50 per cent (Table IX). 
That palliative operative therapy of carcinoma of the colon does carrj- a high 
mortality rate is well recognized. Jones® points out that the tj'pe of patient 
wlio receives this therapy is probably lacking in the essentials of adequate lita- 
mins and proteins due to the general debility which is cau-sed by the disease. 
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Table IX. Palliative OpEiLmoNS 



EIGHT 

SIDE 



- LEFT SIDE 





MORTALITY 



MORTALITY 

PROCEDURE 

NO* 

DEATHS 

EER. CENT 

NO. 

DEATHS 

PER CENT 

Side tracking 

19 

4 

21.0 

10 

5 

50.0 

Cecostomies 

3 

1 

33.3 

10 

4 

40.0 

Colostomies 

0 



39 

4 

10.2 

Total 

22 

5 

22.7 

59 

13 

22.0 


We continue to accept the high mortality in this group for the comfort 
which it affords in the successful cases. 

Of the 9 deaths which occiu'red from sidetracking procedures, 6 were due 
to generalized peritonitis, 1 was due to shock, 1 to pneumonia, and 1 to mesen- 
teric thrombosis. Of the 5 deaths occurring after eecostomy, 4 were due to 
peritonitis. In 2 of these cases perforation of the tumor with generalized peri- 
tonitis w’as present at the time of eecostomy and in a third, the tumor per- 
forated at a later date. In one case the eecostomy retracted and a fatal peri- 
tonitis resulted; in the fifth ease with eecostomj^, evisceration occurred and death 
ensued from shock. 

Of the 4 deaths which occurred following colostomy, 2 w’ere due to cardiac 
failure and the cause of the other 2 was undetermined. 

Over and above all of the foregoing gi'oups in which operative procedures 
were carried out upon the colon, there w'ei’e 26 patients who had simple ex- 
ploratory laporotomy with or without biopsy of metastatic areas. Of this group 
6 died, a mortalitj^ of 23.1 per cent (Table I). 

SUMMARY 

The operative results of colon surgery for neoplastic disease covering the 
period between Jan. 1, 1937, and Dec, 31, 1944, have been reviewed. Two hun- 
dred twenty-four patients with colon malignancy were treated and the results 
have been tabulated. 

CONCLUSION 

1. There is no one operative procedure which can be applied to aU neoplasms 
of the colon. 

2. There are an increasing number of resections with immediate end-to-end 
anastomosis being performed in this clinic. 
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OBSERVATIONS ON LARC4E BOWEL PERFORATIONS 
Howard A. Weinberger, M.D., New York, N. Y. 

{From the Division of Laboratories and Stvrgical Services, Lenox HiU Hospital) 

I N THE past, analyses of the question of, large intestine perforations have re- 
volved principally about the subject of diverticulitis and' of its complications. 
Clinical experience has demonstrated that in any patient over 40 years of age, 
who gives an antecedent history of lower abdominal discomfort and presents a 
febrile course and a picture of local or of generalized peritonitis, the problem 
frequently resolves into the treatment of a complication of diverticulitis. Never- 
theless, Avhen one reviews the pathologic material, it is noted that large bowel 
perforations, as diagnosed clinically, must be interpreted in terms of addi- 
tional etiologie factors besides diverticulitis and its complications. In the last 
ten years in this hospital, among a total of 1,400 necropsies there have been 
recorded nineteen eases (1.35 per cent) of large bowel perforations, each with 
the complication of extraluminal abscess formation, localized peritonitis, or gen- 
eralized peritonitis. Ten, or slightly over one-half of these, were attributable 
to a perforation complicating diverticulitis. In six cases a large bowel malig- 
nancy was present. A single instance is recorded of ovarian carcinoma metas- 
tasizing to bowel wall and producing communicating 'ileal and sigmoidal per- 
forations. In the two remaining autopsies, mechanical perforations from within 
were found and these will be discussed in detail further on. We have had no 
autopsies in eases of perforation secondary to cecal tuberculosis or to ulcerative 
colitis. Examples of the former are encountered with greater frequency in older 
treatises on this subject. Regarding chronic ulcerative colitis, Rankin, Bargen, 
and Bouie reported the incidence of perforation to be 3.4 per cent in their large 
series of patients with this disease. 

The cases in which autopsies were done, cited here in detail, are exemplary 
of the subject presented. All are recordings of personal experiences in the 
past year. , 

I 

DIVERTICULITIS AND PERFORATION 

Case l (No. 102537').— A SO-year-old white man, an investigator, was admitted to the 
hospital Nov. 27, lOll. Four \\eeks prior to admission he had experienced a chill, followed 
by persistent diarrhea. Ten. days after this episode there commenced lower abdominal pain, 
chiefly on the left side. The diairheal stools became reduced and never exceeded two or 
three tablespoonfuls. Eater he noted abdominal distention. Anorexia and weakness were 
marked and a weight loss of fifty pounds was attiibuted to the present illness! The patient 
had been bedridden for seven days. Prior to admission, a barium clysma* performed by his 
local phjsician had demonstrated an obstructive lesion of the sigmoid and diverticulosis. 
The family history was noncontributory. The past history was not significant except for 
ankle swelling of one month’s duration. Physical examination revealed an acutely ill patient 
complaining of severe abdominal pain. The blood pressure was 90/70, the temperature was 
102.4” P., and the pxdse 120. An edema of the extremities and trunk Avas noted. The 
abdomen was domelike an distended. Marked tenderness and rigidity were present over 
the loft loAAcr quadrant. The colon.down to the sigmoid was distended and visible through 
the abdominal rvall. The laboratory data included: hemoglobin SO per cent, red blood cells 
3.9 million, white blood cells S,900 with 7S per cent polymorphonuclear leucocytes including 
26 per cent immaturcs; tlie urine showed 3 plus albumin and numerous casfsj urea nitrogen 

BccclvcO for publication. June 30. 1945. 
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Fig:. 2. — Prepared and mounted pathologic specimen from Case 1, showing 
diverticula. The obstructive stenosis of the lumen is demonstrated at the lower area, juuiup 
perforate abscesses were demonstrable. 




WEINBERGER: LARGE BOWEL PERFORATION?; 


549 


was normal. The clinical diagnosis was intestinal obstruction due either to a sigmoidal neo- 
plasm or, to diverticulitis. The day following admission a cecostomy was performed under 
local anesthesia to relieve the obstruction. Despite adequate drainage through the cecostomy, 
the patient’s course wa^ unfavorable, and he died on the second postoperative day. 

The autopsy performed on the day of death demonstrated an acute generalized fibrino- 
purulent peritonitis; all intraperitoneal recesses contained ^pus, and small and large bowel 
loops were coated with heavy layers of fibrin. The large bowel proximal to tlie sigmoid was 
enormously distended, and the wall thinned and friable. The lower descending colon and 
the sigmoid were fixed- in a thickened plastic mass along the promontory of the sacrum. 
The mesenteric fat surrounding the bowel w'as firm and indurated, and many pus accumu- 
lations were encountered. Mucosal diverticula Avere present throughout the entire large 
bowel as far proximally as the cecum ; these were as large as 1 cm, in diameter and usually 
contained an inspissated fecal plug. Several of the diverticula in the descending colon and 
sigmoid were covered with thick, indurated tissue with here and there a fresh fibrin surface 
covering. Occasional areas of frank suppuration were present within these diverticula. At 
a point 25 cm. from the anal margin, the thickening and induration about the bowel wall 
were maximum and a distinct stricture was evident on intraluminal exploration and probing; 
this w-as produced by the stenosing perisigmoidal, adhesive mass. 

Comment . — This case is reviewed in detail because it illustrated significant 
features and sequences of diverticulitis with its complications and sequelae. 
First, there was an extensive anatomic alteration in that the diverticula were 
not limited to the sigmoid as is usually the case, but extended completely around 
the large colon to the cecum. Second, there were exhibited several of the pos- 
sible clinical and pathologic complications of diverticulitis: (a) gross and micro- 
scopic evidences of a peridiverticular chronic inflammatory reaction; (b) ab- 
scess formation; (c) perforation of inflamed diverticula accounting for gen- 
eralized peritonitis; (d) progressive intestinal obstruction with stenosis as the 
result of chronic, repeated, perisigmoidal inflammatory insults. Another pos- 
sible complication, namely, fistula formation, may well have /resulted had not 
the obstruction and perforation terminated the life of this patient. It is not 
uncommon that a sealed-off peridiverticular abscess ruptures into an adjacent 
viscus or externally on the skin. That diverticulitis is the most common offender 
for sigmoidovesieal fistulas is well recognized. The most uncommon complica- 
tion of diverticulitis is metastatic suppuration. 

This ease is illustrative of the seriousness of the disease and of its compli- 
cations. The literature is abundant with statistics on diverticulitis and its 
sequelae but these vary widely depending upon how each series is recorded. 
For ample reviews the reader is referred to the publications of 'Ochsner, of 
Arnheim, and of Young and Young. Compilation statistics ivould seem to have 
indicated that diverticula exist in approximately 3 to 5 per cent of all colons, 
but it must be remembered tliat this figure would be a good deal higher in 
patients over 40 years of age. For all clinical purposes diverticulitis and its 
complications are practically unlaiown before the fifth decade. In the compila- 
tion statistics of Young and Young, diverticulitis developed in 34 per cent of 
colons with diverticula. Arnheim’s review noting 834 compiled cases of diver- 
ticulitis quoted the incidence of abscess foimation to be 4 to 39 per cent in 
respective individual reports, with a total average of 19 per cent; and on a 
similar basis the incidence of peritonitis varied from 0.8 to 25 per cent with a 
total average of 12 per cent. Despite these wide variations in reports, the 
over-all significance and relative frequency of perforative complications are 
established. One feature of the disease which is distinctly' illustrated by statis- 
tics is the fact that there is absolutely no etiologic relationship between the 
incidence of sigmoidal carcinoma and diverticulitis. 
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Tliis case demonstrates tlie difficulty encountered in the- differential diagno- 
sis of obstructing lesions of the sigmoid colon. It was originally felt from the 
barium elysma study that probably a -neoplasm was being dealt with. As high 
as a 15 per cent radiologic error is quoted in differentiating sigmoidal obstruc- 
tive peridiverticulitis and malignancies. One must be aware that malignancies 
and sten'osing 'sigmoiditis secondary to diverticulitis occur in the same age group 
and that therefore each case must be individualized. A carefully taken Iiistory 
possibly revealing cyclic febrile episodes with lower abdominal symptoms in 
the past would favor the diagnosis of purely inflammatory pathologJ^ 


CARCINOMA AND PERFORATION 


Case 2 (No. 101922). — A 59-year-old white man, a newshawk, was admitted to the 
hospital with the complaint of right lower abdominal pain of four weeks’ duration. The 
pain was intermittent in nature, probably noncolicky, and occasionally radiated into the 
scrotum. There was no vomiting and daily bowel movements were normal. The -patient had 
always felt well except for an undefined back condition for which x-ray treatments had been 
given one year before admission. He had allegedly contracted a chancre at the age of 29 
but had never received treatment. The family history was not significant. On physical 
examination the patient was obese and appeared moderately ill. The temperature was 100.2° 
r., the pulse 80, and the blood pressure 120/72. Pertinent findings were confined to the 
abdomen where an orange-sized, firm, tender mass was felt in the right lower quadrant. 
Laboratory data included: hemoglobin 69 per cent, red blood cells 3.4 million, white blood 
cells 12,000 with 72 per cent mature polymorphonuclear leucocjles; urea nitrogen was 14.0; 
the Wassermann was negative; the urine showed a trace of albumin and occasional red and' 
white cells; the stool guaiac was negative for blood; the sedimentation rate was 42.0 mm. 
in one hour. The barium elysma studies demonstrated an obstructing lesion of the cecum, 
interpreted as follows: “The lesion probably represents a carcinoma of the cecum but the 
possibility of an intussusception or an appendiceal abscess must also be considered.” 

The patient was prepared for operation with the usual measures, including transfu- 
sions and sulfasimdine. At the laparotomy performed on the tenth day following admission, 
there was a large, fixed, ileocecal mass extending posteriorly and toward the pelvis. This 
was ' regarded as an inoperable malignancy and a palliative ileotransverse colostomy n-as 
performed. On the third postoperative day a wound dehiscence was noted; through-and- 
through closure of this was done immediately under general anesthesia. The ensuing course 
was imfavorable, and he died on the third postoperative day following wound closure (sixth 
day following laparotomy). 

At autopsy performed the following day, there were no evidences of local or generalized 
peritonitis; all peritoneal surfaces were smooth and glistening, and no intraperitoneal abscess 
pockets were encountered. The wound and anastomotic sites were weU sealed off. A bulging 
retrocecal mass was present, and when the peritoneum of the right lateral gutter was stripped 
off, a tense, extraperitoneal abscess overlying the inner aspect of the iliacus muscle was en- 
tered. An estimated 500 c.c. of turbid pus was evacuated from the abscess cavity. The 
abscess was in direct communication through a pin-point sized opening with the center of a 
large, fungating, polypoid carcinoma of the cecum. Elsewhere, along the course of the large 
bowel and rectum there were observed several mucosal polyps, the largest measuring 1 cm. m 
diameter. Microscopic examination demonstrated the cecal malignancy to be a mucoid 
adenocarcinoma, probably Grade IIL In addition, the largest of the several adenomatous 
polyps proved to be an early Grade I adenocarcinoma. There were no microscopic evidences 
of lymph node metastases in the drainage fields of either of the two malignancies. 


Comment . — This case illustrates a large bowel neoplasm tvith perforation 
and secondary suppuration. It is not the uncommon experience of the surgeon 
dealing with large numbers of colon malignancies to have the disease come to 
his attention for the initial time because of symptoms referable to perforation 
of the tumor with attendant abscess formation or peritonitis. It has been 
estimated that as many as 25 per cent of all colon malignancies conie to medica 
consultation for the first time because of perforation. Ennlan, Bargen a 
Bouie noted that the splenic flexure had been the most frequent site of perfo 
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tion. In our autopsies of the last ten years there are i-ecorded thirty-seven 
cases • of large bowel nialignanc 3 L In six of these there was a perforation of 
the carcinoma. Thus, in our experience, 16 per cent of colon malignancies have 
perforated before treatment. This figure is based on comparatively few cases 
and is probablJ^ high, for the patient with a perforation bears a grave prognosis 
and is more liliely to succumb in the hospital. Four of the perforations of the 
large bowel associated with carcinoma were in the sigmoid and two were in the 
cecum. In a series from the Mayo Clinic of 1,502 consecutive cases of colon 
malignancy, at operation 144 (9.4 per cent) were regarded as complicated by 
perforation. Instances are recorded of fecal fistula associated with a perforated 
carcinoma of the large bowel. .This probably would have been the situation in 
the ease just cited had the abscess dissected extraperitoneally and decompressed 
on the anterior abdominal wMl. 

The prognosis in perforated large bowel carcinoma is extremely discourag- 
ing. Even the initial operative procedure of a proximal, decompressing colos- 
tomy or cecostomy usually with di’ainage to the point of perforation or abscess 
formation bears a high mortality; also, when the tumor has reached the anatomic 
stage of perforation, it is usuallj’- inoperable because of fixation and/or metastatic 
spread. 

intraluminal mechanical perforation 

Case 3 (No. 96102).-— A 71-year-old white housewife was in this hospital one year prior 
to the present illness. At that time the diagnosis was hypertensive cardiovascular disease 
and diabetes, and she was discharged on a maintenance dose of digitalis and a controlled 
diabetic diet ndth 25 units; of protamine ’zinc insulin. Six days prior to this admission she 
experienced sudden lower abdominal pain and had five to six bowel movements a day. , She 
took no food and is said to have stopped regulating the diabetes. During the two days 
preceding admission she vomited five times and noticed bright red blood in the stools. 
Crampy pain, localized to the lower quadrants, had continued. On physical examination the 
temperature was 100° P., the pulse 108, respiration 30 and labored; the blood pressure was 
130/^5. She appeared acutely ill and dehydrated. There were no signs of cardiac decom- 
pensation. ^ The lower abdomen was distended with dilated and hyperresonant bowel. There 
was no shifting dullness, no obliteration of liver dullness. The left lower quadrant was 
acutely tender and spastic. No masses were palpable. Rectovaginal examination yielded no 
distinct findings. The admission laboratory data included: white blood count 7,680 with 82 
per cent polymorphonuclear leucgcytes of which 55 per cent were imraatures; the urine showed 
a trace of albumin, 1 per cent sugar, strongly positive acetone, and occasional white blood 
ce s and red blood cells. It was felt that the patient had a peritonitis possibly due to per- 
oration of an obstructing large bowel malignancy. The diabetes was controlled by hourly 
urine studies and parenteral fluids and insulin; an exploratory operation was performed 
teen hours after admission. Thick pus was encountered in the abdominal cavity; this 
gren Bacteihnn coli subsequently. The left Fallopian tube was dilated and convoluted, but 
lore was no torsion. The adjacent large bowel seemed indurated. Otherwise there was no 
evident pathologj'. Penrose drains were inserted, and the operation terminated. Post- 
operative measures were supportative and included parenteral digitalization and fractional 
urine diabetic control. However, dyspnea and toxemia supervened, a shocklike picture arose, 
an the patient succumbed fifty-two hours after operation. 

At autopsy it was seen tliat the peritonitis had apparently resolved since operation, 
or t le small bowel and visceral surfaces were smooth and glistening; tliere was no free fluid, 
artialh enveloping the sigmoid in the left gutter was a well-circumscribed abscess. Adja- 
c^t to this an edematous and hemorrhagic left tube was adherent to the lower sigmoid. 

icn the uterus was elevated fornmrd, firm adhesions were identified extending from tho 
posterior leaf of the left broad ligament to tho sigmoid. Upon opening the sigmoid along 
1 10 anterior longitudinal band there nas encountered, at the level of tho pelvic brim and 25 
cm. above the anal margin, a bone resembling a fowl bone measuring 5^ cm. in length. This 
bone was impacted obliquely across the lumen with its bifurcated left edge imbedded through 
the sigmoid wall adjacent to the proa where the Fallopian tube was adherent to the colon; 
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the other bone edge had penetrated the opposite side of the bowel into a welbscalcd-qff 
perisigmoidal pocket. The mucosa surrounding each area of penetration %vas necrotic. The 
left gutter abscess extended upward from the penetration of the bifurcated edges of bone 
on the left side. In addition to the gastrointestinal tract pathology, other findings included 
marked congestion of the lunp and bilateral hydrothorax, advanced arteriosclerotic heart 
disease, and cardiac cirrhosis of the liver. 



Fig:. 3. — Specimen from Case 3 showing: perforating bone in situ, in sigmoid. A penetration 

was observed at each end of bone. 



Fig. 4 . — Transversely impacted bone extracted from sigmoid of patient In Case 3. 

Comment . — This case adds another interesting one to the long list of reports 
on complications produced by ingested foreign bodies. The patient gave no 
history of having swallowed the bone, which appeared as to be some sort of 
fowl bone. It is remarkable that the foreign body, in this instance much 
elongated and with sharp, bifurcated edges, traversed the natural fixation points 
and narrowed ostia of duodenum and ileocecal regions, to finally impact trans- 
versely in the redundant sigmoidal fold. In most of the case reports of foreign 
bodies perforating the colon, the offending agent was usually of smaller dimen- 
sions Had not severe myocardial insufficiency supervened, it is not nnbkelr 
that this patient might have survived the perforation, for, at necropsy the 
peritonitis was resolved into well-localized abscess formation. It has been tne 
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experience of autlioi's who have reported colon perforations due to foreign bodies 
that the prognosis in such perforations has been excellent, in contrast to those 
of the stomach and upper intestinal tract. 

Henderson and Gaston, in 1938, reported on fifty-seven collected eases of 
foreign body perforations of the gastrointestinal tract and added nine of their 
own cases. They reviewed in detail the entire subject of the fate of ingested 
foreign bodies. They concluded their analysis with the recommendation that 
operative investigation is indicated when a twenty-four hour period of observa- 
tion has revealed no progress in the passage of the foreign body with relation 
to adjacent viscera. In their collected series of perforations, a large number 
occurred in the stomach. Maemanus, in 1941, reviewed cases of gastrointestinal 
perforations caused by foreign bodies. He assembled ninety-three eases from 
the literature and contributed two of his own, one of which was a perforation 
by a piece of wire, of a loop of bowel incarcerated in a hernial sac. Seventy- 
three per cent of the perforations wei’e in the lower ileal and cecal region, and 
a Meckel’s diverticulum was a frequent site of penetration. Fifteen instances 
of colon perforation are recorded, and in these the prognosis was generally ex- 
cellent. The list of oifending agents in gastrointestinal perforations by ingested 
foreign bodies is an imposing and familiar one, with toothpieks and fishbones 
probably being the most frequent. In children the swallowed opened safety pin 
provides a not unusual problem. 

The treatment of large bowel perforations by foreign bodies is similar to 
that of perforations secondary to primary colon disease. Early and adequate 
intraperitoneal drainage, proximal decompression (colostomy), and meticulous 
attention to the postoperative adjuncts of decompression (Miller- Abbott tube) 
and of blood chemistry and fluid balance control are the weapons at command. 
Barely is it possible to exteriorize the perforated segment of bowel. 

Case 4 (No. 39213). — This was the fifth admission of a 26-year-old white man, an 
artist, who came to the hospital acutely ill. He offered the history of having had “loose 
bowels” for several days, which he had attempted to control twehty-four hours before ad- 
mission with a high enema. The latter procedure was followed within one-half hour by the 
onset of sudden and diffuse abdominal pain. The pain persisted and was poorly localized 
but soon became so severe that he sought hospitalization. 

This patient was first seen in the hospital in October, 1933, for complaints referable 
to an anal fistula, presumed to have been syphilitic in origin because of a 4 plus blood Wasser- 
mann. This lesion failed to respond to antisyphilitic treatment. On a second admission, in 
May, 1934, a proctoscopic examination revealed a broad anorectal scar; the biopsy report 
was chronic ulcerative proctitis with polypoid hypertrophy of mucous membrane; there were 
no evidences of tuberculosis and no vascular changes suggestive of syphilis. A sigmoidostomy 
was performed to by-pass the fecal stream and to allow for adequate local rest and irrigii- 
tion therapy of the rectal pathology. On a third admission, in March, 1937, the sigmoidostomy 
was closed operatively. On a fourth admission, in December, 1944, there were complaints 
and findings suggestive of glomerulonephritis. Physical examination on the final admission 
revealed a severely ill patient. The temperature was 100.6° F. ; the pulse was 140; the 
blood pressure was 116/78. The abdomen was boardlike and exquisitely tender throughout. 

itliin a few hours of admission, a laparotomy was performed. Cloudy, yellow fluid with 
suspended particles filled the abdominal cavity; fecal material was exuding from a perfora- 
tion in a small gangrenous patch of the lower anterior sigmoid. A decompressive transverse 
colostomy was performed, and drains were inserted to the site of perforation. Postoperatively, 
the patient exhibited severe renal decomiiensation, and he expired in uremia on the sixth post- 
operative day. 

At autopsy, the margins of the recent transverse colostomy were well sealed off. The 
lower abdomen and pelvis contained a large amount of hemorrhagic, purulent fluid and here 
the bowel loops were coated with fibrin. At the rectosigmoid junction IS cm. from the anus 
there was a gangrenous zone along a 2^ cm. length of anterior bowel wall; several elongated, 
through-and-through disruptions in the wall were seen here. Above (proximal to) this re- 
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gion, the sigmoid was bound by dense adhesions to the anterior abdominal wall underlying 
the scar of the old sigmoidostomy. When these adhesions were separated it was seen that 
the lower sigmoid was rotated and angulated in the anteroposterior plane in such fashion 
that it formed a complete S malformation upon itself witliin a very limited space; the two 
limbs of the S were tightlj- compressed and the total length of reduplicated sigmoid here was 
only about cm. This anatomic alteration had produced a ball valve type of retrograde 
obstruction of the lower sigmoid with the rectosigmoid below coi responding to a large re- 
dundant sac. It was at the anterosuperior portion of this sac that the gangrenous paten 
was present. There were no microscopic manifestations of specific lesions (tuberculosis or 
sypliilis) in the rectal or sigmoidal walls or in the supporting connective tissues. Finally, 
there were microscopic evidences of a fulminating, malignant nephrosclerosis. 

Comment . — This case may he classified tvith the previously cited one, inas- 
much as it represents rupture of the rectosigmoid as a complication of intra- 
luminal mechanical insult. Rupture by direct contact of an extremely long 
enema tip cannot be entii'ely eliminated as a consideration here, although the 
distance of the perforation from the anal margin would speak against this 
possibility. However, from the autopsj- findings, it may be presumed that the 
combination of an old postoperative retrograde obstruction of the sigmoid and 
the sequence of a generously administered enema followed by onset of severe 
abdominal pain furnish evidences of fluid pressure rupture of the rectosig- 
moid. Cases of rupture of the bowel by an enema are recorded. It would seem 
that previously existing retrograde, segmental obstruction as was present here 
would be necessary to make possible ruptui-e by a vigorous enema, for the grad- 
. ual distensibility of the entire colon is enormous. In the case under considera- 
ition, the enema must have flowed in under veiy great pressure. 

In 1931, Burt recorded from the literature and from his oma cases a total 
of forty-four pneumatic ruptures of the bowel; the sigmoid was the most fre- 
quent site of rupture. He gathered some interesting e.xperimental evidence on 
the air pressure necessary to rupture various segments of human bowel removed 
at autopsy. The average pi*essure required to rupture sigmoid bowel was 
4.99 poimds per square inch. In the adult the ileum -was tlie most resistant 
segment, an average of 8.36 pounds per square incli having been necessaiy to 
disrupt all layers. Higher pressures were generally necessaiy to produce rup- 
ture in the bowel of children. Burt’s experiments were carried out at a fixed 
rate of air filling of the closed segment of bowel, namely, .38 pounds per second. 
It would seem that the rate of increasing intraluminal pressure would be an 
additional variant in determining the pressure at wdiich the bowel ruptures. 

SUMMARY 

1. Experiences -with large bowel perforations are analyzed. 

2. Nineteen autopsies were recoi’ded over a ten-year period. Perforation 
associated with diverticulitis accounted for ten of these deaths, seven were due 
to malignancy, and the remaining two to perforation by mechanical agents 
within the lumen. 

3. Pour recent autopsies in which large bowel perforations were revealed 
are cited critically and in detail, and a clinicopathologic smwey is made in each 
instance. 

4. The morbidity and mortality in diverticulitis complicated by perforation 
are distressingly high. 

5. Probably between 10 and 20 per cent of primaiy large bowel malignancies 
first come to medical attention with the complication of perforation. The prog- 
nosis is extremely grave in this group. 
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6. Two unusual cases of perforation of the sigmoid due to intraluminal 
insult are recorded; one was due to perforation of an impacted fowl bone in a 
patient who gave no history of ingestion of the foreign body. The second case 
was one of rupture of a rectosigmoid folloiving a vigorously administered enema; 
the lower sigmoid was anatomically sharply angulated as a result of an old 
operative procedure. 

7. Treatment of perforation of the large bowel from any cause is essentially 
the same : early and generous drainage with a minimum of manipulation of the 
site of penetration and a proximal decompressive colostomy are the indicated 
surgical measures. 
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SlIALL BOWEL STEICTURE FOLLOWING IRRADIATION THERAPY , 
FOR CARCINOMA OP TUB FUNDUS UTERI 

Harry C. Saltzstein, M.D., Detroit, SIich. 

D amage to the intestine foUomng irradiation therapy for cervix cancer is 
well knowi. The attention of the profession was first called to this compli- 
cation in the early 1930 ’s by Jones’, in this countiy and Pemberton,® Jeanneney 
and Berard,'' and others abroad. Since then, several careful analyses of series 
of cases have been reported. In most instances the terminal sigmoid and rectum 
are alfected. There is a proctosigmoiditis, with symptoms of diarrhea, tenesmus, 
blood, mucus, etc. Later obstructive strictures may ensue. Although less com- 
mon, all series contain a few cases in which the terminal ileum was damaged, 
causing more violent symptoms of small boAvel obstruction, nausea, abdominal 
pain attacks udth distention, etc. 

In most of these cases, the damage has followed heavy radium dosage. 
Therapeutically, the effects of radium are produced Avithin the confines of an 
are 5 to 6 cm. in all directions from the eerA'ix. A heaA'3’’ loop of sigmoid may fall 
into the pehus, a loop of ileum similarly may happen to be in the pehus, or had 
been bound doAvn in the pelvis because of adhesions from a previous pehue opera- 
tion or old pehdc inflammation. 

Another type of damage is Avidespread ileal damage (in contrast to local- 
ized lesions) thought by McIntosh® “undoubtedly a product of heuAy x-ray 
dosage, almost inAmriably through large portals 12 by 16 cm.” Here there is 
widespread fibrosis Avith multiple adhesions of the small boAvel Avidespread in 
the abdominal cavity. Martin® has shoAAui that in dogs “irradiation of the 
Avhole abdomen produced various grades of toxemia, many of Avhich Avere fatal 
. . . true roentgen sickness in many instances resulted from the effect of 
roentgen rays upon intestinal mucosa.” Martin further remarked that “in- 
testinal damage is still produced AAdien vigorous attempts are made to cure 
advanced cases of cancer of the uterus Avith roentgen rays. ’ ’ Symptoms may 
start from tAvo months to fiAm years or longer after treatment has been given. 
Although, as stated, most instances of this peculiar damage have folloAA-ed heavy 
irradiation, in an occasional instance it has folloAAmd jmars after veiy light irradi- 
ation. One of Schreiner’s® patients developed obstruction necessitating small 
boAvel resection tAvo years after treatment. “The dosage Avas not excessive, a small 
dose of roentgen raj^s, and tAAm 400 mg. hour intrauterine radium applications.” 

Recommendations to avoid these unfortunate sequelae have been various. 
They include (1) Aveaker radium dosage, spread over longer time periods; (2) 
avoidance of heaAy treatment dosages in attempts to cure far-adAmneed eases; 
(3) measures aiming to get the coils of ileum or sigmoid out of the pelvis 
during treatment: full urinary bladder, high Trendelenburg position (difficult 
to carry out routinely mth twenty to thirty daily treatments or the present- 
day miUion Amlt machine) ; (4) careful preliminary investigation of patients 
AAffio have had previous pelvic operations and avoidance of thei’apy if 
bowel is suspected of being fixed to the posterior surface of the uterus, per- 
haps laparotomy and inspection before treatment is instituted. Meigs’ thought- 
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fully remai’ked that one-half of their cases had been in the early operable group ; 
perhaps operation would have been safer than irradiation. 

As to treatment 'of these bowel sequelae of irradiation, the tenesmus, diar- 
rhea, etc., which are frequent concomitants of the usual course of therapy to 
cervix cancer,- usually subside in several weeks. Some patients with narrow- 
ing have been treated with bland diet and bland rectal irrigations, and have 
become comfortable after several months even though narrowing still per- 
sisted. An increasing number have come to operations, such as permanent 
colostomy, liberation of adhesions, resection of sigmoid or ileum. 

Strictures have been reported two months to five years after treatment. 
In such cases it may be very difficult to tell whether the cramps, abdominal 
distention, nausea, etc., are due to abdominal extention of the carcinoma or 
slowly forming strictures. The only differentiation is careful observation ; if 
the patient’s general health remains good and does not go downhill as a cachetic 
terminal malignancy should, operative exploration is warranted. It has been 
observed that the barium meal does not always show the “multiplicity or 
extent of these small bowel lesions” (PightaP). Jones also commented on 
these difficulties in clinical diagnosis in 1935. 

In practically all of the reported eases the pathologic condition has followed 
treatment for cer%ax cancer. In conversation with several radiologists, it was 
doubted that irradiation treatment for cancer of the fundus would produce radi- 
ation stricture. Nevertheless, three case reports of bowel damage following treat- 
ment for corpus carcinoma were found. A fourth is herewith added in which 
bowel damage followed radium treatment for benign hyperplasia. 

Aldridge® reported that one intestinal injury (proctosigmoiditis) followed 
treatment of forty-seven patients Avith carcinoma of the fundus uteri. The cell 
type was grade 3. 

Schreiner,® reporting five cases of bowel damage, stated that the second case 
was that of a uterine carcinoma, and the patient developed obstruction in the 
sigmoid which required colostomy eight years after treatment. 

Cascaden, Kasabach, and Lenz,^® detailing fifteen case reports, described 
Case 9 as follows: Adenocarcinoma of the corpus stage 1 League of Nations. 
Treatment factors were: Eadium into uterus 100 mg. 30 hr. = 3,000 mg. 
hr., 35 days later 112 mg. in uterus 24 hr. = 2,700 mg. hr., 19 days later 
roentgen treatment — 2 anterior fields 10 by 10 cm., 52 Ex in 63 days; 19 
days later roentgen treatment — 2 posterior fields 10 by 15 cm., 52 Ex in 63 days. 
Daily dose 100 r, total 9,200 r. Grand total 5,700 mg. hr. and 9,200 r in 110 
days. Eight months after beginning treatment, and four months after end of 
treatment there was diarrhea, bloody stool, and signs of partial obstruction. 
The obstruction was caused by a loop of sigmoid bound to bladder and rectum^ 

Pemberton® reported a woman, aged 43 years, who had had menorrha^a for 
one year. She had had a laparotomy with bilateral salpingectomy seven years 
before. A small fibroid was felt in one cornu of the uterus. Eapid sections 
from the curettage showed endometrial dysplasia. Eadium, 100 mg., with 0.5 
mm. silver and 1 mm. brass was inserted into the uterine cavity for twelve hours. 
The patient was admitted to the hospital sixteen months later. There had been 
occasional attacks of pain and discomfort in the rectum. Five days before 
admission '.‘something broke in the lower abdomen and there was fever and 
discharge.” After no improvement in three weeks, a laparotomy was performed. 
A loop of sigmoid was densely adherait to the back of the fundus uteri, and 
there was an ab.scess containing 2 to 3 ounces of pus between them. The raw sur- 
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faces were sutured over and hysterectomy was performed. Their conclusion was 
that it was a mistake to insert radium into the uterus of a patient who had had a 
previous pelvic operation. 


CASE REPORT 

* / 

In the following patient the damage followed irradiation treatment for car- 
cinoma of the fundus uteri. As these things usually go, there undoubtedly have 
been many more eases of bowel damage folloAving irradiation treatment for car- 
cinoma of the fundus that have not been reported. Also, probably there may he 
other reports in the literature which we have not encountered. Nevertheless, 
the rarity warrants reporting. * 

.^though radium was given, the damage apparently followed the pro- 
tracted courses of x-ray therapy, since at operation there was widespread 
involvement of the entire small bowel and other abdominal contents. It was 
also clinically difficult to differentiate between extensions intra-ahdominaUy of 
carcinoma of the fundus and adliesions causing the patient’s sjahptoms. As is 
well loiown, the extension of carcinoma of the cervix is into Ihe broad liga- 
ments and around the ureters. JIany of these patients die from strangulation 
of the ureters, and at necropsy it is found that the carcinoma has involved the 
tissues within 1^4 to 2 inches of the cervix only. On the contrary, carcinoma 
of the fundus is notorious for extension into the general abdominal cawty, 
causing multiple masses, multiple foci of obstruction, liver deposits, etc. 

Case 1. — ^ilrs. M., aged 49 years, vas seen for the first time July 28, 1944. Her meno- 
pause had been completed seven years previousl3^ She was perfectly well until June, 1943 
(sis years). At this time she complained of spotting, and on one occasion suddenly passed 
large clots of blood. There was also fatigue and weakness. She was advised to have a 
dilatation and curettage for diagnosis and shortly was hospitalized for this purpose. The 
curettings showed adenocarcinoma of the fundus (July, 1943). Because of some doubt as 
to the cardiac reserve, operation was not done. She was given deep x-ray therapy, begin- 
ning Aug. 10, 1943. She received treatments daily for six weeks, ending in September, 
1943. Then in February, 1944, radium was inserted into the uterus for one week. April 
10, 1944, another deep x-ray therapy course of daily treatments for five or six weeks was 
instituted, ending May 16, 1944. She had not felt well since the end of this treatment. 
Diarrhea started in April, 1944. Soon the abdominal pain and cramps started. For the 
next two months, there was marked weight loss and great anorexia associated with ab- 
dominal discomfort and pain. For the next six weeks, that is since June 6, 1944, bowel 
movements were difficult, although for the next week constipation was somewhat less. The 
pain was rather generalized over the entire abdomen, but more marked in the left lower 
quadrant. When first seen at home, April 28, 1944, the patient presented an extreme clini- 
cal picture. She was very pale and pasty looking, lying verj' weakly in bed, unable to 
sit up, and was breathing very heavily. She was taken to Harper Hospital that night. 
She was quite dehydrated and anemic (hemoglobin 57 per cent, red blood cells 2,740,000, 
an irregular low-grade fever, and white blood cells 12,000). Abdomen showed extensive 
discoloration from x-ray therapy over both lower abdominal quadrants. There was some 
tenderness in the left lower quadrant. Pelvic examination was unsatisfactory, but the 
uterus was perhaps 1^ to 2 times normal size, was not very mobile, and there was some 
tenderness in the left adnexal region. In the hospital, the anemia improved under treat- 
ment for dehydration and transfusions. The low-grade fever and pelvic tenderness 
disappeared under penicillin therapy. The hemoglobin rose to 69 per cent, with 3,140,000 
red blood cells, 4,750 white blood cells, and her bowels moved more freelj^ She was dis- 
charged Ang. 7, 1944, with a diagnosis of carcinoma of the fundus uteri with peritoneal 
extension and metastases. 

She made weekly or bi-weekly visits to the office for follow-up study. She leit 
better. Bowels moved somewhat more freely, and the pain in the left loner quadrant gradu- 
ally subsided. At one time, the pain and pelvic tenderness increased, but following » 
course of penicmin she felt improved. She continued to have backaches, and the red blood 
cells hovered around 3 milHon. Pelvic examination revealed the uterus graduaUy suo- 
siding to relative normal size. However, she did not quite regain her strength. 
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About Nov. 1, 1944, pain somewhat like the original cramps started again. She felt 
tired, but usually had good bowel movements. She had gained weight, about fifteen pounds 
since treatment, but was still twenty pounds below her usual pre-illness weight. On Dec. 
3, 1944, she was suddenly seized during the night with veiy severe abdominal cramps and 
vomiting. These continued during the night. She was again taken to Harper Hospital. 
Examination showed seizures of very severe abdominal cramps, coming in spasms asso- 
ciated with nausea. Bowels had not moved for twenty-four hours. Abdomen was not 
tense but during the seizures there seemed to be tenseness throughout. Seizures were very 
painful. This was an attack of intestinal obstruction. The Levin tube brought forth 
some foul-smelling intestinal contents. Miller-Abbott tube ’was then introduced, and it 
descended five or six inches past the jejunum. Bowels did not move for five or six days, 
then enemas became effectual and the patient felt better. X-ray examination with em- 
phasis on the small bowel showed moderate dilatation of the small bowel loops, many of' 
them filled with gas. The barium passed slowly beyond the upper jejunum and at the end 
of six hours barium was still in the upper small bowel. At the end of twenty-four hours, 
the film showed barium still distributed throughout the small bowel. There was some 
irregularity of the small bowel pattern in the pelvis. Although there was marked hyper- 
motility of the barium meal with much stasis in the small bowel, some of the barium 
apparently- passed into the large bowel and was seen in this twenty-four-hour film in the 
region of the cecum at the colon. X-ray diagnosis was incomplete small bowel obstruction. 
The Miller-Abbott tube was removed Dec. 12, 1944. Bowels then movmd normally, she felt 
well, and since the obstruction was relieved she was discharged on Dec. 17, 1944. The 
diagnosis was intestinal obstruction. It was still uncertain whether this was due to 
metastatic deposits inside the abdomen or whether the obstruction was due to x-ray damage 
to the small bowel. 

Another attack of violent cramps and constipation sent the patient to the hospital 
- two weeks later (Dec. 29,~1944). However, within one or two days she was having normal 
bowel movements and no cramps, and she was again sent home on limited nonresidue diet. 
At this time the hemoglobin was 88 per cent and red blood cells 4,240,000. Evidently, she 
was not losing ground or becoming anemic. 

She again felt well and bowels moved for two weeks but about Jan. 20, 1945, suddenly 
during the night, she had the old sharp abdominal pai'n. Pains came every five or ten 
minutes lasting all day. Some of these were "as if she were cut in half." She stated 
that if she "could have a real bowel movement," her troubles would end. She volunteered 
information that she had not had a normal evacuation "since she had had that old therapy 
in 1943 and 1944. ' ’ Even when they did move, the evacuations ivere in small pieces and she al- 
ways had to take oil or milk of magnesia. There had been no diarrhea since a few weeks fol-^ 
lowing the last course of therapy. She continued to feel nauseated after eating. Exami- 
nation, Jan. 26, 1945, revealed a soft abdomen with no definite abdominal tenderness. 
Because of the repeated bouts of small intestinal obstruction and the maintenance of her 
general health, it was decided that the period of observation should be qnded. The 
probability was that the obstruction was due to adhesions and not necessarily extension 
of the malignancy. Exploratory operation was advised. This was done on Peb. 1, 1945. 
As the abdomen was entered, the fat seemed fibrous and thickened, the fascial layer was 
not clearly defined, and the muscle was a dark chocolate color. It appeared to be evi- 
dence of rather extensive previous x-ray therapy. The peritoneum was opened. The small 
intestine was thin and pale and the blood vessels were not very prominent. The uterus 
was normal in size. The bladder folds were somewhat adherent. Posteriorly, the sigmoid 
was adherent to the posterior surface of the uterus in the cul-de-sac. The adnexa were 
bound down low in the pelvis and were small and atrophic, the adhesions being quite dense. 
Lightly separating the sigmoid from the posterior wall of the uterus, a small nick was 
made in it. This was inimediatelj- sutured with three mattress sutures. Further explora- 
tion of the deep pelvis revealed a matting down of the adnexa posterior to the uterus. 
The adnexa were small, shriveled, and fibrous and seemed to show the effects of x-ray therapy. 

The small bowel was then explored. The terminal ileum for about twelve inches was 
somewhat thicker than the upper region. At one point, about ten inches from the cecum, 
there was a dense adhesion binding the small bowel to the anterior right peritoneum far 
out toward the cecum. It seemed as if this was sufficient to cause kinking, which was 
responsible for the patient’s symptoms. In the upper portion of the abdomen, the omentum 
in the region of the liver was also densely adherent to the undersurface of the liver and 
to the paricf.al peritoneum. 

The whole picture was one of post-x-ray therapy damage with extensive changes, in 
the wall of the small bowel, pelvic organs, omentum, and peritoneum. 
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Convalescence was eminently satisfactory. Normal bowel evacuations started imme- 
diately. She was discharged on the seventh day. Since leaving the hospital, she has "felt 
like a different person.” She takes mineral oil occasionally, once a week, whereas before 
it was necessary to take it every day. When last seen May 21, 1945, she had normal 
bowel movements (with occasional mineral oil, as stated). She has regained her strength, 
her appetite is excellent, she can do her own housework, and has gained twenty pounds 
since the operation. Examination showed a totall}' different looking individual, robust 
and healthy appearing. The abdomen was soft, and there was no tenderness. Pelvic 
examination was negative. 

' SUMMARY 

A case is reported in which severe generalized small bowel damage, ivith 
intestinal obstruction due to adhesions, followed prolonged x-ray therapy for 
carcinoma of the fundus of the uterus. 
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AN INTESTINAL SPUR-CRUSHING CLAMP 

William L. Wolfson, M.D., Brooklyn, N. Y. 

C RUSHING the spur is an essential intermediate step in the Mikulicz series 
of operations frequently used for colon resection. This procedure destroys 
the assembled double medial wall of the two-barreled colostomy to the end that 
intestinal content may flow from the afferent limb directly into the efferent in- 
testinal tube. Although any ordinary heavy hemostat may be used to destroy the 
partition through its entire length, this act is more effective!}’- accomplished by 
clamps specially designed for the purpose. The most acceptable of such entero- 
tribes have their jaws meet in parallel approximation. A thumb turnscrew or 
ratchet arrangement provides for a gradual and slow increase of pressure. Usu- 
ally the crushing surfaces have grooves in their longitudinal or transverse direc- 
tion to provide some nonslip quality Avhen applied. 

Two deficiencies of these standard enterotribes, however, detract from their 
correct performance. The instrument frequently slips off the thick intestinal 
septum unless it is immediately and severely tightened down. The result is a 
painful and disagreeable experience to the patient. The second fault is that the 
distal ends of the blades tend to spread apart; the consequent loss of apphe 
force at that far point is the cause for failure to divide the spur at its lowermos 
and important level. Unquestionably, this failure to obliterate the spur entire y 
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makes it difficult or almost impossible to obtain an immediate and primary 
closure of the stoma of the colostomy at a later period. 

For several years I have employed, with much satisfaction and sufficiently 
often, a parallel action type of enterotribe, made more helpful and efficient 
for severence of the intestinal spur by certain changes in the design of the biting 
surfaces. Both blades are provided with large, evenly spaced saw teeth which 




Showing* the double-barreled colostomy and its relative position to the ab- 
clamp in position. B. Schematic cutout drawing showing the saw- 
looui Clamp applied to the double-walled parUuon of colostomy. C 'Photograph of clamp. 
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interdigitate ■with, each other. Any slight pressure of the jaws presses and 
fixes the intestinal septum haiTier at multiple points holding it firmly without 
slipping (Fig. 1 A and B), Continued pressure stretches segments of the gut 
over the corrugated surfaces of the blades, thus permitting a quicker division of 
the septum as the coaptating force is slowli' applied. Since each angular digit 
member of the bite wedges firmly into a countemotch of its opposite companion, 
it forms a firm multilocking unit which does not allow any appreciable side 
slipping or end spread of the clamp. 

It "is helpful, before inserting the open clamp into the two barrels of the 
colostomy, to dilate those cylinder slightly with a gloved finger which has been 
coated ■with any ordinarj' emollient. 

The instrument^' as pictured (Fig. 1 C) is of stainless steel, with an over-aU 
length of five and three-fourth inches; its crushing blades are three inches in 
length; the width of the blades one-fourth inch. 


CLOSURE OP DUODENAL FISTULA 
A New Technique 

j\Iajor W. H. Snyder, Jr., Lieutenant Colonel C. J. Berne, 

Captain H. I. Ridell, and Captain E. L. Turner, jMedic.vl 
Corps, Army op the United States 

O N THE afternoon of Jan. T, 1945, a 29-year-old American soldier was flown 
from the fonvard area to our Evacuation Hospital in northern Burma. 
Two rifle bullets fired at 'close range had entered the anterior abdominal wall 
just to the left of the umbilicus and made their exit just to the right of the spinal 
column aioilsing the posterior abdominal wall (Pig. 1) and loiver chest, leaving 
a large ten-inch gaping wound through which blood was pouring from a rup- 
tured kidney and torn renal pedicle. The injurj’^ had occurred one and one-haK 
hours before entry. The patient was in profound shock from trauma and hem- 
orrhage. 

Blood and plasma were given and in less than one hour after entry, under 
ether anesthesia, the ivound in the lateral wall was extended medially (Pig- 2) 
by a transverse incision. The adrenal gland and the upper two-thirds of the 
right kidney were pulpified. Thej^ wei'e i-emoved and the kidney pedicle ligated. 
A three-inch section of the ascending colon had been avulsed by the bullets 
The remaining portion di the ascending colon and the hepatic flexure were 
mobilized and a double-barreled colostomy formed (Pig. 2). The colonic 
mesentery was used to fill the gap in the lateral abdominal wall. There was a 
jagged hole in the right lobe of the liver the size of two clenched fikts. This was 
debrided and packed of necessity to stop the hemorrhage. The tenth, eleventh, 
and twelfth ribs had been shattered and the diaphragm was tom, producing a 
sucking wound of the chest. This was repaired by suturing the diaploragm to 
the lateral chest wall. The right portion of the abdominal ca^rity and the en- 
tire wound was contaminated by fecal material from the severed colon. Further 

^ ^he instrument is made by the Skiar Manufacturing Company, Long Island City, N. T- 
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• Fig. 1. — :Two bullets entered the ‘anterior portion of the abdomen at close range. This 
shows the extensive posterior gaping wound shortly df ter.- ddbridement. ■ . 

■ ■ > Fig. S.— The .wound consisted of nearly a hemisection of the body at the level of the 

first lumbar verteljra. - . .. 



abdominal exploration revealed no pathology. The seeond portion of the du- 
odenum had been exposed by the passage of the bullets, but no gross damage to 
the wall was visualized. 

During the first few days the patient’s condition was critical. Constant 
gastric suction was instituted. Fluid balance was maintained by the intra- 
venous route (Fig. S) and 200,000 units of penicillin per day were given intra- 
muscularly for five days. . On the eleventh daj- after the original surgerj' a 
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duodenal fistula developed. A Witzel jejunostomy was performed and a sec- 
ond tube was directed through a gastrostomy opening into the duodenum for 
constant suction and salvage of the duodenal fluid (Pig. 3). A .second jejunos- 
tomy was necessary on the twenty-third day because tlie previous tube had ac- 
cidentally heeome dislodged. On the twenty-fourth day it was possible to insert 



4. FiE. 5. 

Fig. i — tube with elliptical piece of rubber Inner tubing. A bmall hole in the center 
of the elliptical piece of inner tubing aliens the long arm of the T tube to be passed through 
this opening. 

Fig 5. — T tube and elliptical piece of rubber tubing ready for insertion into the fistula. 



Fig. 6. — T tube and elliptical piece of rubber tubing in place in the duodenum exposed in the 

depths of the wound 

a T tube through the fistulous opening in the duodenum and, with the use of an 
elliptical piece of rubber inner tubing (Figs. 4 and 5), to form a nearly tight 
closure. Subsequent to this, normal feedings were possible. The wound was 
filling in satisfactorily, hut lower partial thoracoplasty may be advisable to m 
the defect in the lateral wall. It may be possible to effect final closure of t e 
duodenal fistula by simple suture after reaction in the duodenal wall has en- 

,tirely subsided. 
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DISCUSSION 

Rapid transportation of the patient to the Evacuation Hospital by air, the 
availability of almost complete laboratoiy facilities, equipment, and drugs, the 
application of physiologic principles, earlj’- surgery, and good nursing care made 
it possible, for us to evacuate this man in good condition to the Genei’al Hospital 
five weeks after surgeiy. 

The combination of difficulties -which were encountered in this case may not 
be duplicated frequently and yet the same general problems in postoperative 
management are present in many battle injuries. The physiologic principles 
and technical devices used in this ease will be described mth the hope that’ this 
information may be helpful to othera. 

Salt Balance (Fig. 7). — The recent work of Coller and associates^ on salt 
intolerance seemed espeeiallj’- applicable in this case, as our patient had only one 
kidney and one adrenal gland following a right nephrectomy. During the first 
eight day§, while the patient was on constant gastric suction and taking nothing 
by mouth, the total intake of saline was onl}' 3,000 e.c. Until the recent empha- 
sis on salt intolerance we would have considered this amount entirely inade- 
quate® and yet in view of the satisfaetoiy blood chlorides, blood CO, (Table I), 


Table I. Larokatoey Findings 


DAYS 

i 2 

1 5 

1 8 

1 12 

1 16 

i 12 

1 23 

1 27 

Sp. gr. blood 

1.0605 

1.057 

1.0485 

1.059 

1.057 

1.056 

1.061 

1.052 

Sp. gr. plasma 

1.028 

1.030 

1.0 

1.0335 

1.031 

1.031 

1.032 

1.027 

Hematocrit ' . 

47.5 

40.5 

24 


40 

38 

45 

35.5 

Hemoglobin (Gm.) 

14.5 

13.7 

9.9 

13.5 

13.5 

12.9 

15.2 ' 

12 



12.5 

9.5 






R.B.C. 

4.84 

4.17 

2.76 

3.91 

4.39 

3.38 

5.17 

4.34 









3.62 

WJJ.C. 

24.800 

16.300 

19.750 

12.900 

9.700 

8.850 


8.050 

Blood chloride (mg.) 



393 

505 

528 

545 

470 

561 





482 





Blood CO. (vol. %') 



62 

72 

73 

46 


52 

N.P.N. (mg. %) 


102 

44 


59 

84 

70 

40 

Plasma protein (Gm.) 

7.2 

7.9 

7.3 

9.1 

8.2 

8.2 

8.6 

6.8 

Urine albumin 


1+ 

1+ 

1+ 

1-1- 

1+ 

1-1- 

Neg. 

Urine sp. gr. , 



1.018 

1.018 

1.015 

1.019 

1.022 

1.016 

Urine chlonde (mg. per liter) 


3-4 

0-1 

0-1 

2 

0-1 

6-7 

4 


adequate urinary output (Pig. 8), and in view of the persistent albumin in the 
urine, high nonprotein nitrogen, reversed albumin globulin ratio, and low salt 
output in the urine® we cannot but feel that this case adds some support to 
Coller ’s new concept of guarded control of salt intake. 

Prom a study of Pig. 7 it appears that a fair quantity of salt was admin- 
istered during the first eleven days. However, we Avish to re-emphasize that all 
of this intake of salt came from blood and plasma (100 c.c. of plasma equals 0.6 
Gm. of salt, and 100 c.c. of blood equals 0.5 Gm. of salt) , with the exception of a 
total of only 3,000 c.c. of saline given in the first eight days. Unless the blood 
and 'plasma source of salt is recognized manj'- patients with war injuries wdll 
postoperatively be ovei'loaded with salt. Edema of the intestines and fluid collec- 
tion in the abdomen can be easily mistaken for peritonitis. 

After the development of the duodenal fistula the salt intake was greatly 
increased and aatis administered both through the jejunostomy and intravenously. 
Most of the fluids escaping from the duodenal fistula were returned through the 
jejunostomy so that salt Avhich othenvise would haA’c been lost in this u-ay Avas 
utilized. Pig. 7 sIioaa's only the additional salt administered. 
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The fluid balance, which is related to the salt balance, is sho'wn in Fig. 8. 
The tremendous amounts of fluid which were necessaiy to maintain a balance 
were in the main given through the jejunostomy after the eleventh day. In 
addition blood, plasma, and saline and glucose were given intravenously. On 
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Protein Balance . — During the first eight days all protein (Fig. 9) was 
given intravenously in the form of blood and plasma.* Subsequently, some pro- 
tein was given by mouth. During this period while the loss through the 
duodenal fistula was great, the protein taken by mouth and excreted through 
the fistula was returned through the jejunostomy. In addition, a considerable 
amount of protein was administered in the form of an egg and milk mixture 
through the jejunostomy. It is obvious fi'om Fig. 9 that the protein intake was 
not adequate, but attempts to increase the amount were thwarted by the de- 
velopment of intestinal disturbances. By the twenty-eighth postoperative day, 
the drainage from the duodenal fistula was controlled and subsequently all pro- 
tein was administered by mouth. Supplementary intravenous administrations 
of Amigen® would eertainlj’- have been desirable, but this was not available. 

TMrtm UtTAKC 




ingredients 
blood equals 18 
content of diet 


Collection of Duodenal Contents . — On the eleventh postoperative day bile 
and duodenal content appeared in the depths of the wound. Altliough no gross 
damage to the duodenum was eiddent at the time of the original surgery, the wall 
of the second portion had been traumatized by the bullet and a break in its 
continuity developed. For the first few days the loss of duodenal contents was 
minimal. On the thirteeenth day a major duodenal fistula was present and the 
effects of this complication were evident in the patient’s general condition. A 
jejunostomy was, therefore, performed for feeding purposes. The position of 
the gunshot wound on the posterior lateral wall made aspiration of the leaking 
duodenal fluids technically almost impossible. Repeated attempts® to pass a 
i\Iiller- Abbott tube was unsuccessful. In order to salvage as much of the du- 
odenal contents as possible, a tube was inserted through a gastrostomy opening 
and directed into the duodenum (Pig. 3). Continuous aspiration was main- 
tained by means of this tube. This procedure was fairlj' successful, but there 
was still considerable fluid lost. The duodenal opening had enlarged and could 
now be easily seen in the depths of the wound. Attempted suture was unsuccess- 
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fwl due to the edema of the surrovinding duodenal wall. Finally a common’ 
duct T tube was mserted through the fistula and suction applied. Even though 
it was possible to return most of the duodenal drainage by means 'oi the jejunos- 
tomy and in spite of additional forced jejunostomy feedings, the patient did hot- 
make satisfaetoxy progress. After many other unsuccessful attempts to close 
the duodenal fistula an elliptical piece of rubber u-as fashioned from an old 
inner tube (Figs. 4 and 5) and a T tube threaded through a hole in its center. 
This assembly was then insex-ted through the fistula (Fig. 6). By tension on the 
T tube, pressure was made against the inner wall of the duodenum by the 
elliptical piece of I'ubber inner tubing, resulting in a neaz'ly watertight closure ' 
of the fistula. This tj-pe of internal valve closure with a T tube and elliptical 
sti'ip of rubber tubing has served its purpose. At least it has tided our patient 
over a crucial stage and the device may be applicable as a temporary measure in 
the closure of other duodenal fistulas, such as those occurring in accidental 
posterior wounds foUoudng nephrectomy. 

SUMMARY 

1. In large avulsing wounds of the posterior lateral abdominal wall the 
utilization of the mesenteiy of the colon may provide a satisfactory reconstruc- 
tion. 

2. With the loss of one kidney and adrenal gland plus severe abdominal 
trauma, limitations of salt intake accoi-ding to Coller's new concept is apparently 
beneficial. 

3. The temporary closure of a wound in the posterior lateral wall of the 
second portion of the duodenum may be effected by the use of a T tube and 
elliptical piece of rubber inner tubing. 

4. The United States Army has provided facilities for extensive laboratory 
studies even in remote areas of Burma. 
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A METHOD OP IMPLANTING THE PANCREATIC DUCT INTO THE 
JEJUNUM IN THE WHIPPLE OPERATION FOE CARCINOMA 

OF THE PANCREAS 

Case Report 

Richard L. Varco, M.D., Minneapolis, Minn. 

(FroM the Department of Surgpry, University of Mirmesotai Hospitals) , 

A UNANIMITY of opinion does not yet exist eoncerning the necessity of 
the external secretion of tlie pancreas for the maintenance of a completely 
healthy nutritional state. Even a cursory appraisal of case reports, in which 
the radical operation for cure of carcinoma of the head of the pancreas has been 
performed without attempting to preserve this secretion, suggests that the nutri- 
tional effects may be quite variable. With some,^*® a very nearly normal, exist- 
ence is enjoyed; at other times, the patient’s state is clearly an unsatisfactoiy 
one, unless a substitution therapy of lecithin, choline, or raw pancreas is pro-, 
vided to correct steatorrhea and other evidences of disturbed fat metabolism. 
To date, which case will tolerate deprivation of this juice has been an impossible 
prediction and, hence, presents a major therapeutic obstacle to all who favor 
ignoring this problem. Also, any procedure capable of reducing the incidence 
of external pancreatic fistula, a, not sufficiently infrequent complication after 
ligation of the duct, should warrant additional consideration for itself. Finallj’-, 
if the anastomotic method is simple, requires no special paraphernalia, and 
appears to yield consistent results, it would seem to merit trial and scrutiny by 
others at work in the field on this problem. For these reasons, the method of 
pancreatico-enterostomy devised and tried in the experimental laboratoiy in 
1941 is reported here. At that time, I was studying intestinal absorption from 
Thirj’' loops of the duodenum, which required a segment as completely free as 
possible of biliary and pancreatic secretions. These experiments were designed 
for a long-time study. To insure, therefore, the best nutritional status, the 
biliar 5 ’^ duct and main** pancreatic ducts were transplanted usually to the upper 
jejunum. Following this procedure, six animals remained in excellent health 
without steatorrhea or other evidence of abnormal fat or protein metabolism, 
while maintained on a fare of hospital scraps, dog biscuits, and occasional sup- 
plements of horse meat. When sacrificed at from six to ten months after surgerjq 
the pancreas in all cases was a normal pale yellow-pink color and possessed a 
pliable soft consistenc 3 L In several instances, a short patulous segment of duct 
at the site of transplantation could be identified. Neither the liver nor the pan- 
creas was sectioned but appeared grosstj' normal. Because of its apparent suc- 
cess, this method was applied to a patient on Aug. 5, 1943, during the coui-se 
of a resection for carcinoma of the head of the pancreas. 

C.A.SE REPORT 

A. W. (University Hospital No. 733594), a white man aged 70 years, first noticed the 
onset of painless jaundice about two or three weeks prior to his initial hospital visit on 

The researches upon which this presentaUon Is based were supported by a grant from the 
Graduate School of the University ot Minnesota. 

Received for publication, Aub. 1. 1345. 

‘Any additional ducts were divided, ligated, and separated from the duodenal wall by 
a slip of omentum. 
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July 7, 1943. It had increased steadily in intensity during this interval, and had not been asso- 
ciated -with any pruritis or physical incapacity. Stools had been clay colored, the urine dark 
for about two weeks. When the patient was admitted upon the medical service, the positive 
physical findings were jaundice with a greenish east, an enlarged gall bladder, and a reducible, 
indirect left inguinal hernia. Quantitative analysis of a four-day stool indicated 3 mg. of 
urobilinogen per day. The total serum bilirubin was 8.7 mg. per cent with 6.5 mg. per 
cent appearing in the first minute. X-ray examination of the stomach and duodenum was 
reported to be normal. Tlie diagnosis was carcinomatous biliary obstruction probably due 
to carcinoma of the head of the pancreas. The patient insisted upon returning to his home 
before the operation, was admitted to the surgical sen'ice on July 25, 1943, and operated 
upon Aug. 5, 1943. During this interval he was prepared with a high protein, carbohydrate, 
caloric, low-fat diet, fortified with liberal quantities of thiamine, cevitamic acid, and vitamin 
K. Anesthesia was secured with a nupercaine spinal and endotracheal inhalation of cyclo- 
propane. A partial gastric resection, complete duodenectomy, resection of the head of the 
pancreas, resection of proximal 16 cm. of the jejunum, cholecystojejunostomy, catheter chole- 
dochostomy, catheter pancreaticojejunostomy, and gastrojejxmostomy were performed. At 
the time of the exploration through a transverse incision, a mass involving the distal por- 
tion of the common bile duet and head of the pancreas was felt and deemed to be car- 
cinomatous. The greater and lesser curvatures of the stomach were devascularized and it was 
divided approximately in the mid-portion. The common duct was then transected and the 
duodenum freed from its avascidar attacliments to the inferior vena cava and transverse 
mesocolon as well as from the blood supply through 'the mesenteric vessels. The pancreas 
was sectioned caudad to the neck, isolating the main pancreatic duct with preservation of a 
short extra glandular segment. Pursuance of the dissection in the vicinity of the splenic, 
portal, and superior mesenteric vessels ultimately allowed removal of the specimen in a 
single mass. The fundus of the gallbladder was then anastomosed to the end of the jejunum, 
a catheter choledochostomy was made, and a tenninolateral gastrojejunostomy was effected 
about 45 cm. from the proximal cut end of the small bowel.* About midway between these 
two points, the pancreatic duct was implanted. Two sutures of fine silk were so placed as 
to hold patulous this thin-walled structure. An 8 cm. piece of No. 12 size, two-holed 
catheter was then inserted for a distance of from 1 to 2 cm. This was accomplished by 
essentially the same plan as had been employed during pancreatic duct implantations car- 
ried out in the experimental laboratory. In Fig. It illustrations of the operative procedure 
detail the operative steps in a very satisfactory manner. The procedure is as follows. 

DESCRIPTION OF METHOD FOR IMPLANTING PANCREATIC DUCT 

A two-holed catheter is selected, wliich is somewhat larger in diameter than the conduit 
to be intubated. An 8 cm. segment of this is stretched over an obturator (a Keith skin 
needle serves very well) impaled at a point on the catheter wall slightly eccentric to the 
tip and away from the lateral opening in the catheter. With increasing elongation of the 
catheter over this rigid probe, there is an appreciable decrease in its transverse diameter. 
This condition is then maintained by clamping all structures firmly with a sturdy hemostat 
at some distance from the tip. An oblique section is now cut from the tube, care being 
taken to place this line of excision distal to the tented wall of the catheter. The stylet 
bearing this prepared catheter is then slipped a short distance into the duct, facilitated by 
slight traction on the previously placed guy sutures. Release of the hemostat then allows 
the catheter to resume its originally greater diameter, thus snugly filling the cannulated 
duct. To insure this coaptation between catheter and duct, a fine catgut or silk ligature can 
be pulled down gently onto the duct wall in its extra glandular portion. Usually, the seal 
is satisfactory without this, and pancreatic secretions drip freely in a short while from 
the free end of the catheter. With fine interrupted silk sutures the serosa of the jujunum 
is then approximated to the fibrous elements of the pancreatic capsule along its posterior, 
superior, and inferior margins. A fine puncture is made through all coats of the jejunum 
at the site selected from the anastomoses. This is effected easily by the pointed end of a 
Keith or some other cutting edge needle. No formal incision is necessary. The firm su - 
stance of the catheter readily dilates the merest point of entrance through the tough 
mucosal coat. Such a close fit then assures a nice apposition between the several layers o^ 

^e operative plan is essentially that described by Dennis.* 

■j’Dro.wn Miss Daisy Stil'w^i* 
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the enteric wall and the pancreatic duct. Two line silk stitches are placed between the 
connective tissue adjacent to the duct and the bowel wall next to the puncture site. Tying 
these ligatures as tlie catheter and duct are threaded through the small aperture into the 
gut lumen firmly approximates the pancreas to the bowel and reduces any tendency for the 
duct to escape from its intramural and intraluminal position. The serosa of the jejunum 
is then tacked ■with fine silk sutures to the capsule of the pancreas about the remainder of 
its periphery, namely, the anterior aspect. 

Drains were placed down to tliis area and the site of the catheter choledochostomy, 
and were brought out through separately placed wounds. The abdomen was closed in 
layers with fine silk sutures. The patient was slightly febrile until the removal of the 
indwelling duodenal tube on the sixth day. No drainage of moment occurred and therefore 
the drains were removed at about this time also. The pancreatic catheter was passed some 
time after the tenth postoperative day. There was a gradual decline ^ in the patient’s 
jaundice following a temporary increase postoperatively. The stools, although virtually bile- 
free through failure of the cholecystojejunostomy to function properly, were never foamy 
or diarrheic, nor did they contain excess fat or protein. No studies were made of the in- 
testinal contents for tryptic activity. Recovery was protracted several weeks by bouts of 
gastric retention and delayed emptying, which had ■virtually disappeared wlien a barium 
study ■^^as secured on Sept. 7, 1943, The patient returned for a change of the choledo- 
chostomy tube on Oct. 1, 1943, and stated bile was now present in stools when the tube was 
clamped. His health was fair at the time with some gain in weight since his discharge. 
There was no diarrhea, and he was constipated if anything. His health began to fail in 
January, 1944, and he died shortly thereafter of what clinically seemed to be a recurrence, 
since no autopsy was secured. 


DISCUSSION 

The convalescence was unnecessarily complicated and prolonged; he was 
not discharged until the thirty-nine postoperative day because of two technical 
blunders. A cholecysto-enterostomy was made instead of the more satisfactory 
end-to-end anastomosis between the common duct and the small bowel. Whipple® 
has called attention to the hazard and undesirability of the former procedure. 
Fortunately, a catheter had been placed in the end of the common duct as a 
safety vent in case the cholecystojejunostomy failed to function adequately. 
This one did not for many weeks; during this period the bile drained to the 
exterior chiefly via the catheter choledochostomy. A choledochojejunostomy 
alone, or protected by a catheter placed into the common duct through the 
cystic duct after removal of the galbladder, it should be emphasized, is the 
procedure of choice. The second technical error was related to threading the 
jejunum for the gastric anastomosis up the bed occupied by the duodenum, and, 
hence, behind the superior mesenteric vessels. An antecolic positioning of the 
loop would have avoided the troublesome episode of gastric retention and vomit- 
ing. By buttressing the cut end of the pancreas with the peritoneal coat of the 
bowel wall, any oozing of pancreatic secretion from the cut surface is somewhat 
limited. However, diversion of the buUt of these strongly proteolytic enzymes 
to a site several centimeters removed where they may occasion no real damage, 
probably is the major factor in averting a pancreatic fistula. My colleague, Clar- 
ence Dennis, of the surgical staff of the University of Minnesota Hospitals, since 
has employed essentially this plan for implanting the pancreatic duct in three 
additional cases. There has been no instance of pancreatic fistula. 

SUMMARY 

1. A simple' effective method for implanting the pancreatic duct is described. 

2. The case record of a patient upon whom this method was used is reporte 
in detail. Three additional instances of its utilization are cited. 
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3. Some of the technical features in the operation of radical resection of 
the head of the pancreas are discussed. 
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SUBTOTAL AND PALLIATIVE GASTRECTOMY FOR 
CHRONIC GASTRIC ULCER 

Ralph Colp, M.D., and Leonard Druckerman, M.D., New York, N. Y. 

(From the Surgical Service of the Mount Sin-ai Hospital) 

T he pathologic findings in acute and chronic gastric or duodenal ulcer are 
essentially identical. Both have a definite life cycle characterized by periods 
of exacerbations and remissions. Clinically, the symptomatology produced is 
often so similar that a differential diagnosis cannot be made. As a rule, both 
respond to adequate medical treatment. Gastroduodenal ulceration becomes a 
surgical problem only when certain complications arise which do not respond 
to medical therapy. The indications for operative intervention have been fairly 
well crystallized. The ulcer becomes an urgent surgical problem when an acute 
perforation occurs and in very exceptional cases when an exsanguinating -hemor- 
rhage persists. The chronic ulcer ultimately concerns the surgeon when the 
symptoms become refractory to medical treatment, when hemorrhages are recur- 
rent, and when a pyloric obstruction becomes intractable to conservative 
measures. However, an ulcerating lesion in the stomach presents an additional 
problem which does not apply to duodenal ulcer — the possibility that it may be 
malignant. 

It is this differentiation between a benign and carcinomatous ulcer which 
ma}'’ offer insurmountable difficulties even when the best diagnostic facilities 
are available. Klingenstein,* in 1936, presented before the New York Surgical 
Society a series of 165 eases of chronic gastric ulcer in which operation was 
done between 1925 and 1935. In 20 per cent of these cases, a preoperative 
diagnosis of carcinoma had been made by the roentgenologist, and in 12 per cent 
an ulcer, previously thought to be benign, was proved to be malignant at opera- 
tion. While it is true that a benign ulcer rarelj^ undergoes malignant degenera- 
tion, carcinoma cells were found in two of a series of 141 pathologic examinations 
of clironic gastric ulcer made by Klein." Recently, Yarnis and Colp^ reported 
three cases of benign ulcer in which an unsuspected independent gastric car- 
cinoma existed simultaneously. Furthermore, experience has shonm that the 
temporary disappearance of an ulcer niche, following a course of medical 
therapy, is not positive proof that a carcinoma does not exist. These facts 
illustra te the uncertainties in making an accurate diagnosis of an.v gastric 

Ueceivcd for publication. June 19, 1915. 


574 


SURGERY 


lesion, .arid if they were constantly borne in mind, there undoubtedly would be 
less hesitancy on the part of the medical profession in subjecting a patient with 
a chronic ulcer niche to radical surgery. 

This communication deals with a review of forty-two consecutive patients 
with chronic gastric ulcer who were admitted to the surgical ward service of 
the Mount Sinai Hospital during a six-year period from July 1, 1937, to June 
30, 1943; 

HISTORY 

This series was composed of four women and thirty-eight men. Thirty- 
four patients were between the ages of 40 and 60 years ; the youngest patient 
was 21 years, the oldest was 64. The duration of the disease varied from several 
months to forty j'ears, and was characterized by acute episodes of varying in- 
tensity, usually responding to some type of medical therapy. Ten patients had 
one or more recurrent gastric hemorrhages. Two experienced previous gastric 
perforations which had been sutured several years before their present admis- 
sions. Ten patients had been hospitalized at one time or another for the medical 
treatment of an ulcer. All patients with one exception complained of epigastric 
pain which had hitherto been intermittent and was now becoming more persistent 
and severe. Occasional!}' a histoiy of back pain suggested the possibility that 
the ulcer had penetrated the pancreas. In some, nausea, vomiting, and anorexia, 
which had been only occasional, became more pronounced, and many patients 
volunteered the information that the voraitus often contained food eaten the 
previous day. Loss of weight had occurred in one-half the patients. 

Patients were admitted to the surgical service only when the pain was 
becoming more severe despite adequate treatment, when an intractable pyloric 
stenosis was evident, when hemorrhages had become recurrent, and when the 
presence of a carcinoma was suspected. 

PHYSICAL EXAMINATION AND LABORATORY DATA 

Physical examination in many instances' disclosed evidences of recent weight 
loss and dehydration. Epigastric tenderness Avas present in a few patients. As 
a rule the Eehfuss test meal disclosed an increase above the normal values in the 
free and total acidity but the reports of gastric analyses Avere interpreted AA'ith 
circumspection. It should be universally knoAAm by the present time that the 
findings of a hj'peracidity in the presence of an ulcerating lesion do not rule 
out the possibility of a cai’cinoma, and that a benign ulcer ma}' exist in the 
presence of a low free hydrochloric acid. For example, in a series of 140 patients 
studied by one of us (R. C.), the presence of a gastric carcinoma was proved by 
operation, yet the test meals in over one-half shoAved free hydrochloric acid 
values ranging from 20 to 60 millimoles per liter and combined acidity of from 
40 to 113 millimoles per liter. In fifty patients the gastric analyses disclosed 
the absence of free hydrochloric acid although the combined acidity Arnried from 
10 to 80 millimoles per liter. The entrie question of the pre- and postoperative 
acidities in our material is being studied and will be presented in detail else- 
where. An absolute achlorhydria Avas present in only tAvelve cases. In the 
present series of forty-tAvo proved benign ulcers, tAventy-five patients had an 
elevated acidity and fifteen patients had normal acid figures. In tAA'o eases the 
acid studies had been lost. 

The barium meal examination Avas of inestimable value in the different! 
diagnosis of benign and malignant lesions of the stomach, for the characteristic 
x-ray findings would often indicate the presence of a benign gastric ulcer or 
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point nninistakably to a malignant one. In this series of ' forty-two benign 
gastric ulcers, the roentgenologist reported three cases as highly 'suggestive of 
neoplasm. In six cases, an additional deformity of the duodenal bulb was re- 
ported and operation revealed either a healed duodenal scar or active ulcer, as- 
weE as the gastric lesion. In three cases, in which a duodenal deformity alone 
was reported, a gastric’ ulcer which had been unsuspected was found at opera- 
tion. The amount of barium retention revealed by gastric roentgenograms is 
often misleading. The' quantity of residue obtained by aspiration through a 
stomach tube after a twelve-hour fast is a more reliable index of gastric dilata- 
tion secondary to pylorospasm or organic obstruction. 

Borderline cases in which a definite diagnosis cannot be made are often 
clarified by gastroscopy, which was performed on twenty-seven patients. In one 
patient the examination was unsatisfactory, and in four patients the gastric ulcer 
could not be visualized gastroscopicaUy although it was demonstrated roentgeno- 
graphically. In the twenty-two other cases, the gastroscopist •visualized definite 
gastric ulcerations, five of which he pronounced malignant, but which were 
/ subsequently proved benign. However, it must be realized that certain areas 
of the stomach cannot be seen with the Schindler gastroscope and that the value 
of this examination is partly dependent upon the skill of the gastroscopist. 
Both roentgenologic and gastroscopie examinations are indispensable in the 
diagnosis of gastric lesions ; but even the use of both methods will not eliminate 
entirely the possibilities of errors in diagnosis. ^ 

A complete blood count and chemical examination of the blood (urea, , 
chlorides, COg combining power, and plasma proteins) were always made. 
Anemia, hypoproteinemia, and alkalosis were not infrequently encoimtered in 
those patients who had been vomiting or bleeding prior to admission. For 
example, J. K. (No. 457919) entered the hospital after many weeks of pain, 
vomiting, and tarry stools. The hemoglobin was 120 per cent, the plasma pro- 
teins 5.9 6m. per cent, the blood urea 35 mg. per cent, and the CO 2 combining 
power 84.5 vol. per cent, evidences of recent bleeding, dehydration, and alkalosis. 

PREOFERATIVE PREPARATION 

Many of these ward patients, when admitted, were in poor general condition. 
The systemic effects of the intractable pain, inadequate nutrition, vomiting, and ' 
hemophage were reflected in loss of weight, dehydration, anemia, and certain 
chemical imbalances, all of which needed correction prior to operation. 

All patients were given an initial period of complete bed rest. Pain was 
controlled with mild sedatives, aluminum hydroxide, atropine, the frequent 
feedings of bland foods, and occasionally the milk and amphojel drip as 
advocated by Winkelstein, Cornell, and Hollander.^ Adequate hydration was 
assured by the daily administration of 1,500 c.c. of saline solution and glucose. 

If, because of pyloric obstruction, vomiting had been a prominent symptom, the 
amount of daily intravenous fluids was increased to 4,000 c.c. and a gastric 
lavage with hot saline solution was performed twice daily through a large gastric 
tube. Th^ latter procedure often allayed the spasm or reduced the inflamma- 
tory reaction about an edematous pylorus to such a degree that gastroduodenal 
continuity was restored, with the subsequent cessation of vomiting, diminution 
of pain, and a marked improvement in the general condition of the patient. Ade- 
quate tytamins were administered. Repeated transfusions of whole blood were 
given to anemic patients until the hemoglobin was elevated to 80 per cent. 
Whenever possible, regardless of age, treatment is conservative for the majority 
of the patients with massive hemorrhage, operation being deferred until they 
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have fully recuperated from the systemic effects of their blood loss. Only one 
patient was operated upon during acute hemorrhage. This was done because 
it was believed that the patient was suffering from a bleeding carcinoma of 
the stomach, not a bleeding ulcer. 

Case 1 (No. 440G05). — Vi. H., a 60-year-old man, was admitted to the Mount Sinai 
Hospital, May 18, 1939, complaining of epigastric pain of one year’s duration. During tlii.s 
time the pain had become increasingly’ severe, and recently had been accompanied by nauseii, 
vomiting, a loss of fifteen pounds, and attacks of weakness. For four weeks the patient liad 
liad tarry stools daily. Tlio past history was noncontributory except for tlie fact that the 
patient had been a moderately heavy drinker. 

Physical examination disclosed a chronically ill, very pale, elderly man. There was 
moderate peripheral sclerosis; the blood pressuie was 100 sy.stolic and 70 diastolic. There 
was moderate epigastric tenderness. 

The hemoglobin was 27 per cent, the red blood count was 1,390,000, and white blood 
count 15,000. The blood urea was 11 mg. per cent, blood sugar 105 mg. per cent, CO, com- 
bining power 53.8 vol. per cent, total protein 4.7 Gm. per cent. The urine was negative. 
The stools were tarry and were markedly positive to the guaiac test for blood. The electro- 
cardiogram was normal. The test meal rerealed free acid 50 millimoles, combined 66 
millimoles. X-ray disclosed the presence of a penetrating ulcer at the re-entrant angle of 
the stomach. Gastroscopy revealed a deep lesser curvature ulcer which was very suggestive of 
carcinoma. 

Tho patient was put at complete bed rest. He was fed the Muelengracht diet and was 
given adequate vitamins and sedatives. Repeated transfusions of whole blood were adminis- 
tered until the hemoglobin was elevated to 68 per cent. However, because of the persistence 
of the pain, the guaiac positive stools, and the gastroscopic appearance of the lesion, it was 
felt that the patient was suffering from a neoplasm of the stomach, and therefore exploration 
was indicated despite the recent hemorrhage. 

) Accordingly, on June 3, 1939, laparotomy was performed under ethylene ether anesthesia. 

J A definite benign gastric ulcer quite adherent to the panci’eas was found and a subtotal 
gastrectomy and posterior terminolateral gastrojejunostomy of the Hofmeister type was per- 
formed. 

The patient made an uneventful recovery and was discharged on the fifteenth day. 

If a high protein diet tvas ineffective in correcting a hj’-poproteinemia, 
plasma and amino acids in adequate amounts were administered parenterally. 
None of the patients in this series required a preliminary jejunostomy fof 
' alimentation. Desoxyeortieosterone was used preoperatively in eight patients 
but as no definite benefits were noted in these or in other cases its use was dis- 
continued. The sulfonamides were not used preopei’atively. 


ANESTHESIA AND OPERATION 


Almost every type and combination of anesthesia have been used. Tiventy- 
five of the patients received general inhalation anesthetics and seventeen were 
given continuous spinal anesthesia. At present, continuous spinal anesthesia 
combined with sodium pentothal intravenously is considered the method of 
choice as it provided the best relaxation and exposure, with a minimal amount 


of retraction. 

The abdomen was routinely explored through a median epigastric incision 
extending from the ensiform cartilage to the umbilicus. ^ The pathologic findings 
encountered were varied in so far as the location, extent, and depth of the 
lesions were concerned. For conveniences of description, the location of the 
ulcers may be divided into those which occupy the pyloric area (which was 
found only once), those situated in the antrum, those located at or near the 
re-entrant angle on the posterior wall of the stomach, and those in the cardia. 
Many of the posterior wall ulcers were of the penetrating variety and were 
attached to or had eroded into tlie pancreas. Ulcerating, lesions larger than 
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2.5 cm. in diameter are not nccessai'ily malignant. This is well illustrated in 
Case 2. 

Case 2 (No. 499998). — F. B., a 57-year-old man, was first admitted to the Mount Sinai 
Hospital Jan. 5, 1943, complaining of progressive weakness duiing tl\e previous six months, 
and postprandial vomiting for the previous six weeks. He had lost fourteen pounds and had 
suffered from pronounced anorexia. He had never had any pain or noticed tarry stools. 

Physical examination disclosed a pale, emaciated man. The chest was emphysematous. 
No masses or tenderness was present in the abdomen. 

The hemoglobin was 57 per cent. The blood sugar was 80 mg. per cent, urea 12 mg. per 
cent, CO. combining power G0.2 vol. per cent, chlorides 575 mg. per cent, and the proteins 7.5 
Gm. per cent. The urine was negative and the stool contained occult blood. The test meal 
disclosed a free acid of CO and a combined acid of 80 millimoles. The electrocardiogram was 
normal. X-ray of the stomach (Fig. 1) revealed a huge ulcer and a large ulcer pocket on the 
lesser curvature, above the re-entrant angle. Gastroscopy disclosed a large ulcerating lesion 
involving the entire posterior wall of the corpus of the stomach. The distal edge was just 
proximal to the angularis, and the proximal edge appeared to be 3 cm. from the cardia. The 
lesion was thought to be a large ulcerating carcinoma. 
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Fie. 1, — Arrows depict enormous extent of ulcer. 


The patient was prepared in the usual fashion with transfusions, gastric lavages, 
vitamins, intravenous fluids, and rest. Exploration was done, Jan. 25, 1943, through the 
usual midepigastric incision. A large hard mass with an ulcer crater was felt on the posterior 
wall and lesser curvature of the stomach. It was firmly attached, over a broad area, to the 
pancreas, which was subsequentlj- found to form the ulcer base. A retrograde gastrectomy 
was performed. The necrotic surface of the pancreas was not excised, but was covered with 
sulfanilamide. Tlie area was drained b 3 ' a rubber dam which was brought out through a right 
subcostal stab incision. Gastrointestinal continuity was re c'-tablished by a typical rotrocolic 
gastrojejunostomy. A complementary jejunostomy for alimentation was performed. The 
wotmd was closed with through-and-through sutures. 

Tho pathologic report of the specimen was large chronic peptic nicer of the stomach, 
measuring 4.5 by 2 cm. 

_ The patient made an uneientful reeoveiy, 

A fow penelrating ulcers of the lesser curvature were found wliicli evidently 
had previously perforated and were sealed oft hy the liver and in one instance 
by the gall bladder. 
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In a few patients in whom a preoperative diagnosis of pyloric obstruction 
had been made, an ulcer on the lesser curvature of the stomach and a normal 
pylorus were foimd at operation. In these eases a reflex pylorospasm or a dis- 
turbance of the peristaltic wave must be assumed. 

The surgery of chronic gastric ulcer has run the gamut of technical proce- 
dures, many of which have now been discarded. Gastroenterostomy vith or 
•without local excision has not been found to be an entirely satisfactory proce- 
dure. While it is true that gastric acidity was diminished due to the neutralizing 
effects of the alkaline jejunal regurgitation, .the symptoms Avere rarely perma- 
nently relieved and the recurrence of either a gastric ulcer or the formation 
of the more serious gastrojejunal ulcer has been frequent. Sleeve resections, 
because of the resultant hourglass deformities leading to physiologic dysfunc- 
tions, are no longer done. The operation of choice for chronic gastric ulcer in 
this clinic is subtotal gastrectomy of the Hofmeister ts-pe. This procedure has 
distinct advantages. It radically removes the pylorus and most of the ulcer- 
bearing area of the stomach, and if the resected specimen should contain malig- 
nant cells, the chances of cure are naturally materially enhanced. In addition, 
it assures relief of symptoms in practically all eases and freedom from future 
recurrent ulcerations. A follow-up study of ReMuss test meals in patients sub- 
jected to partial gastrectomy for gastric uleeri has demonstrated an achlorhydria 
in over 88 per cent of the eases and probably because of this, recurrent gastric 
and gastrojejunal tdcers have not been observed. It is our belief that gastro- 
enterostomy should never be done for gastric ulcer. If the lesion is so massive 
that resection appears impossible, then a preliminaiy jejunostomy for alimenta- 
tion® seems a logical procedure. Following this, the stomach is put at partial 
physiologic rest and the ulcer should regress so in size that a partial gastrectomy 
may be performed several weeks later with comparative ease and safety. 

The operative procedure may present technical difficulties, especially in 
penetrating ulcers. The method of resection differs somewhat from that de- 
scribed for duodenal ulcer,^ for it is usually done in a retrograde fashion. The 
duodenum is transected first, so that the stomach may be gradually mobilized 
and reflected to the left, affording better exposure of the posterior surface of the 
stomach, an area frequently involved by ulceration. The technique which is 
followed at the present time will be described only bi’iefly. The right gastric 
and right gastroepiploic arteries are ligated just distal to the pylorus, at which 
point the duodenum, which is usually mobile, is transected. The distal duodenum 
is closed -with a chromic catgut suture of the Connell type and reinforced by a 
continuous linen Lembert suture. The duodenal stump is then buried against 
the head of the pancreas "with a continuous plain catgut suture. There was 
usually very little difficulty in securing an adequate closure of the duodenum 
unless it was the seat of previous or active ulceration. However, if there was 
any doubt as to the competence of the suture line and a dehiscence was a; 
possibility, the stump was drained -with a rubber dam introduced through a right 
subcostal stab incision. This was done in nine instances. The gastrocohc 
omentum was then divided transversely toAvard the left between artery clamps 
applied below and parallel to the vascular epiploic arch, and the left gastro- 
epiploic artery was ligated high on the greater curvature. The stomach was then 
carefully reflected to the left, exposing its posterior surface, .^y adhesions 
which were present in the lesser omental sac were carefully divided, constan 
watch being made for any distortion of the middle colic artery. Occasionally 
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the stomach was firmly glued to the pancreas by a posterior penetrating ulcer, 
and separation could be accomplished only by sharp dissection. 

In high lying ulcers, in order to mobilize the stomach more freely so that 
the lesion could be excised, it became necessary to ligate the left gastric arterj’’ 
close to its origin from the celiac axis. Originally, the part of stomach proximal 
to the ulcer was divided between rubber covered clamps unless the extent of the 
resection made their application impossible. During the past two years we have 
transected the stomach between a double line of clips laid down by the DePetz 
sewing machine and have found that this could be done even if the resection was 
made close to the esophagus. Following resection, gastrointestinal continuity 
was restored by an isoperistaltic temiinolateral gastrojejunostomy of the 
Hofmeister type. In the first seventeen eases, a terminolateral anastomosis was 
made posterior to the colon. We have now discarded the posterior retrocolic 
type of gastrojejunostomy, having been impressed with the simplicity and the 
technical advantages of restoring gastrointestinal continuity anterior to the 
colon using a short’ proximal loop of jejunum about six inches long. Further- 
more, we have noted no differences between this and the posterior anastomosis 
in either the immediate postoperative period or in the follow-up observation of 
patients. In the beginning of this series, the Murphy button was used in seven 
patients to restore gastrointestinal continuity in those instances in which, 
because of a high resection, a short proximal gastric segment remained. With 
added experience, the suture technique of anastomosis has been found feasible 
in all types of gastric resection and therefore the use of the Murphy button 
has been practically eliminated. Bnteroenterostomy, which was' thought to be 
necessary in high resections, has been discarded. It was performed only once 
in this series. 

In nine cases in which either a very high gastric resection had been per- 
formed, or in which a marked preoperative dilatation of the stomach increased 
the possibility of postoperative gastric atony, a complementary jejunostomy 
for alimentation was done. This procedure and its advantages have been ade- 
quately described elsewhere. 

Although subtotal gastrectomy with the removal of the ulcer is undoubtedly 
the procedure of choice, there were six cases in which the antrum and pylorus 
Avere removed, but the ulcer was left in situ. The lesion in four eases was a 
penetrating ulcer high on the lesser curvature, and in two cases the ulcers were 
juxta-esophageal in location. The general physical condition in four of the 
patients was so poor that an excessively high resection necessary to remo'^^e the 
ulcer would have been extremely hazardous. In the tivo patients ivith juxta- 
esophageal ulcers, a total gastrectomy vmuld have been necessary if the ulcers 
were to be removed. For this type of case, Madlener® in 1923 first suggested 
pylorectomy without remoi'al of the ulcer. Florcken® subsequently removed 
the pylorus and as much of the antrum as possible, calling the procedure “pallia- 
tive gastric I’esection.” This procedure has not had ivide application. It has one 
uia.ior disadvantage — the lesion which is not removed may possibly be car- 
cinomatous. In adjudging the merits of this procedure, one must remember 
that removal of the antrum and pylorus of patients suffering from gastric ulcer 
almost always results in an anaeidity, and that recurrent gastric or gastrojejunal 
ulcers under these conditions are almost unknown. In our limited experience, 
residual gastric ulcers apparently heal after palliative gastrectomy and recur- 
rences have not been noted clinically, gaslroscopically, or roentgenologically. 
Two of these cases have now been followed more than seven years. It therefore 
seems difficult to ascribe the disappearance of these lesions as an involutionarj' 
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stage in the life cycle of an ulcer. The subject of palliative gastrectomy for 
gastric ulcer will be discussed in detail in a subsequent communication. 

The median epigasti’ic incision was routinely closed with heavy silk sutures 
taken through all the layers of the abdominal wall. The advantages of this type 
of closure are that it is extremely rapid and that evisceration almost never oc- 
curs. It is unfortunately accompanied by an appreciable percentage of post- 
operative hernias. For this reason, internipted steel wire sutures embracing the 
peritoneum, muscle, and fascia are now being used in addition to silk. 


POSTOPERATIVE COURSE AND COJIPLICATIONS 

Postoperatively, a Levin tube was left indwelling, and an intravenous in- 
fusion of saline and glucose .solution, which was given throughout the operation, 
was continued. If there had been moderate blood loss or any degree of slioek, 
the patient was given blood, plasma, or both. Adequate sedation ivas ad- 
ministered. Oral fluids were allowed within twenty-four hours after operation. 
Sulfonamides were admini.stered only when there was a specific indication as, 
for example, pneumonia. 

The Levin tube was removed about the third day, and was passed again 
twelve hours later. If there was evidence of gastric retention, the tube was 
either left indwelling again for a two-day period, or was passed every twelve 
hours and the stomach completely emptied. The patients were encopraged to 
move about in bed. The sutures were removed in twelve days, at which time 
most patients were permitted out of bed. 

Fourteen patients developed pulmonaiy lesions, most of which were 
atelectatic bronchopneumonias. This complication was rendered much less 
serious by the use of sulfonamides. If evidences of massive atelectasis or a 
marked accumulation of bronchial mucus was present, a bronchoscopy was 
rapidly done, and a mucous plug or the diffusely distributed mucus was re- 
moved. Eecovery following this procedure, which was usually performed in the 
patient’s bed, was prompt and verj' dramatic. 

Two patients developed transient attacks of auricular fibrillation, and 
another sustained a coronary artery thrombosis with rapidly ensuing heart 
failure, pulmonarj- edema, and death. 

There were two cases of gastric ileus, one of which was severe. The possi- 
bility of this had been anticipated and a complementary jejunostomy for 
alimentation had been done at the time of the original operation. In the other 
patient, the gastric atony was mild and subsided with conservative therapy. 

A duodenal dehiscence occurred in three instances among the nine patients 
in whom drainage was carried out. One of these terminated fatally. While 
drainage does not always afford protection from the consequences of duodenal 
leak, it often prevents a fatal peritonitis or subphrenic abscess. 


CAUSES OF DEATH 

In this series of forty-tivo consecutive gastrectomies for gastric ulcer there 
were two deaths. One occurred folloAving a .subtotal gastrectomy, one following 
a palliative gastrectomy. 

Case 3 (No. 503682).— M. W., a 54-year-oia woman, a known diabetic, entered the 

hosnital. May 20, 1943, for the reUef of abdominal pain of four year.s’ 
nrior to admission she had had a cholecystectomy. She had been treated at vanous 
for arthritis of the spine without relief. More recently she had noticed a few tarry 
weight loss of eight pounds, occasional vomiting, and anorexia. 
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Phyaical examination disclosed an elderly appearing woman, exhibiting evidences of 
'marked arteriosclerosis. There was tenderness in the midepigastrium and a well-healed right 
upper quadrant scar was noted. The liver was just palpable. 

The hemoglobin was 03 per cent. Blood urea was 12 mg. per cent; blood sugar was 
220 mg. per cent. The urine contained 1' per cent sugar. The stools contained occult blood 
on some occasions. The free gastric acidity was 00 millimoles, combined 70 millimole.“. 
Gastrointestinal x-ray picture (made just before admission to the hospital) disclosed a 
penetrating lesion of the lesser- curvature of the stomach. The electrocardiogram di.sclosed 
changes indicative of myocardial damage with previous coronary occlusion (posterior wall 
infarction). 

The patient was treated medically for five weeks without improvement in her condition. 
The diabetes was controlled with diet and insulin. A preoperative diagnosis of carcinoma ot' 
the stomach was made. 'Exploration was performed through a median epigastric incision. 
There were many adhesions binding the duodenum and .stomach to the undersurface of the 
liver. A huge ulcer was found on the lesser curvature' of the stomach extending down from 
the re-entrant angle to the duodenum. The duodenum was stenotic and fibrotic and was the 
seat of an acute ulcer. The duodenal mobilization and closure were extremely dilficult, and 
^.because the line of suture appeared insecure, the area was drained with a rubber dam made to 
emerge through a right subcostal stab incision. A subtotal gastrectomy with an anteoolic 
terminolateral gastrojejunostomy and complementary jejunostomy for alimentation were 
performed. 

The pathologic report of the specimen was chronic peptic ulcer of the stomach; duodenal 
ulcer; duodenum showing acute and chronic inflammation throughout the wall. 

. Postoperatively the patient did not do well. The temperature almost immediately rose 
to 105.6“ F. and bile appeared along the rubber dam drain within a few liours. The abdomen 
became tender and rigid, the pulse rapid, and the blood pressure barely obtainable. Despite 
all forms of supportive therapy the patient died thirty-six hours after operation. 

Post-mortem examination (No. 12543) disclosed a generalized peritonitis, due to a 
Welch bacillus, originating from a d'uodenal dehiscence. 

Case 4 (No. 416478).— J. G., a 58- year-old man, was re-admitted to the hospital, Nov. 10, 
1937, complaining of abdominal pain of one year’s duration. He had been treated five months 
previously for a known gastric ulcer. He improved with medical thempy and was discharged. 
However, he continued to lose weight and strength, the pain recurred and became progressively 
more severe, and vomiting began to occur with increasing frequency. 

Examination disclosed a chronically ill man, showing evidences of recent weight loss 
and severe arteriosclerosis. There was slight tenderness in the epigastrium. 

The hemoglobin was 83 per cent; urine was negative. The Behfuss test meal .showed a 
iree acid of 70 millimoles and a total acid of 84 millimoles. Gastrointestinal x-ray .showed a 
penetrating gastric ulcer about one inch in diameter on the posterior wall near the lesser 
curvature in the lower part of the fundus. Gastroscopy disclosed a punched-out ulcer high 
on the lesser curvature. The electrocardiogram disclosed occasional extra.systoles. 

The patient was treated medically but his pain continued and it was finally felt that 
surgical intervention was imperative. 

At operation an ulcer about two inches in diameter was found on the le.sser curvature 
just belon the esophagus. It was penetrating into the pancreas. There was evidence of a 
healed duodenal ulcer. It was felt that removal of the gastric ulcer would entail a total 
gastrectomy which was not indicated. Accordingly, a palliative partial gastrectomy was 
performed, leaving the ulcer in situ. The resected specimen after excision measured 9 cm. 
along the lesser curvature and 14 cm. along the greater curvature. Gastrointestinal continuity 
was restored by a retrocolic isoperistaltic gastrojejunostomy of the Hofmoister type. 

The first postoperative morning the temperature was 100° F., pulse 100, tongue moist, 
abdomen soft. Later that day, however, the patient suddenly developed acute pulmonary 
edema, together with marked shock. The pulse rose to 190 and the blood pre.ssure fell to 
ti4/40. The patient exhibited no evidences of bleeding. He was placed in an o.xygen tent, a 
phlebotomy performed, 50 per cent glucose administered intravenously, and morphine and 
atropine were given by hypodermic injection. Despite energetic therapy, the patient died 
two hours after the on.set of the attack. The medical consultant who s.aw the patient felt 
that the incident represented an acute coronary artery thrombo-'is with left ventricular failure. 

A post-mortem examination could not be obtained. 
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SUMMARY 

A series of forty-two consecutive ward patients suffering with chronic 
gastric ulcer, treated surgically, is presented. 

The chronicity of the history’- is .stre.sscd and the indications for surgical 
intervention are discussed. 

The difficulties in the interpretation of the acid .figures, the roentgenologic 
and gastroscopic findings as aids in the differential diagnosis between benign 
ulcers and ulcerating carcinomas are emphasized. 

A plan of preoperative preparation is detailed. 

The technique of subtotal gastrectomy which was used in thirty-six eases 
and palliative gastric re.section which w'as employed in six patients is briefly 
outlined. 

Postoperative care and management of the complications are described. 

The two fatalities in these forty-two cases are outlined. 
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THE HYPOCHLOREMIC STATE IN SURGICAL PATIENTS 
Carl, Ireneus, Jr., M.D., Chicago, III. 

(From the Department of Surgery, University of Illinois College of Medicine, and the 
Illinois Research and Educational Hospital) 

C OLLER and his associates' have made a very important contribution to the 
postoperative care of surgical patients by revising their “clinical rule"^ for 
the administration of salt solution. They felt that because of the relatively high 
incidence of “salt intolerance’’ following general anesthesia, salt solution .should 
not he given the day of operation or on the first tw'o postoperative days. The 
fluid requirements should he met 4vith glucose in distilled water. They stated 
that the experience of years regarding the toxicity of isotonic .sodium chloride 
has been forgotten. Trout® over thirty years ago was quoted, ‘ ‘ Even we surgeons 
know of the wonderful improvement in some patients with nephritis when 
placed on a salt-free diet, and all of us realize there is a transient renal irrita- 
tion or possibly nephritis foIlo 4 ving the majority of anesthetics and infections. 
CoUer and his associates also believed that great care must be used in administer- 

This paper was to have been presented at the Meeting of the Society of University 
Surgeo™. New Yorfc N. Y., Feb. 8. 1945. (Meeting canceled.) - 
Received for publlcaOon, June 20, 1945, 
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ing isotonic salt and Einger’s solution to patients who are hypoproteinemic, 
anemic, acidotic, or oliguric. Patients who tolerate salt poorly after operation 
are classified into three groups of predominant and fairlj^ distinctive symptom 
and sign complexes. They recommended that the coiTection of uncompensated 
extracellular fluid deficiency states be made upon the basis of ph5"siologic 
response to test doses of salt, rather than on the basis of the plasma eliloride, the 
CO, combining power, the nonprotein nitrogen, plasma protein, or the hemo- 
globin levels." 

I am in complete agreement with the need for extreme caution in the 
administration of salt as just discussed, hut I wish to issue the emphatic warning 
that severe h3TDOchloremic states maj'- occur when patients are on a restricted 
salt intake. If active therap3' (with saline solution) is not instituted in these 
eases, serious results may ensue. I wash to review briefly the manifestations 
of h3^ochloremia and attempt to establish criteria for the administration of salt 
in these patients who so frequentl3^ have a complicating abnormal but var3dng 
loss of salt (for example, from bile fistula). 

Clinical Manifestations . — The onset of clinical h3q)oehloremia is very in- 
sidious ; the manifestations are similar to those of salt edema. Unless attention 
is paid to the extremel3' low blood chloride reading, and the possibility of the 
hypochloremic state is appreciated b3' studies of the clinical picture, salt ma3’' 
be withheld entirely instead of being given in large quantities. The most im- 
portant diagnostic lead is obtained b3’- i*ealizing that a ebnical state has been 
present when large amounts of eleetrol3'-tes and chlorides have been lost without 
being compensated (for example, bile fistula, vomiting, high intestinal fistula, 
etc.). The clinical picture presents itself rather abruptly in the acute cases, as 
one of shock (blood chlorides below 300 mg. per cent). The skin is' cold and 
clammy and the patient complains of extreme wealoiess. The pulse and blood 
pressure are usually unobtainable; 'Within fort3^-eight hours the urinary output 
has acutel3' decreased to 100 c.c. or less for twent3'-four hours, with a correspond- 
ing rise in the nonprotein nitrogen. The body temperature is characteristically 
subnormal and in the neighborhood of 97 ° F. The blood chlorides are extremel3’ 
low. A wrong diagnosis may lead to an earl3" fatalit3^ due to the use of temporiz- 
ing procedures or that utilized in the general therap3^ of shock. H3q)ochloremia 
which has progressed to the point of producing S 3 mptoms is an acute emergenc 3 ^ 
and unless several thousand cubic centimeters of ph3"siologic saline solution (con- 
taining 54 to 72 Gm. of salt) are given parenterally ivithin twenty-four hours, 
it is unlikel3’- that the patient ivill recover. It is obmousl3’’ a fatal mistake to con- 
fuse such a case with one of salt edema which is easil3'' done except for the 
presence of edeina in the latter instance; in salt intoxication, a diffuse and 
pronounced dependent edema is rareb’’ absent. An additional differential point 
IS that, as a general rule, in h3'pochloremia the urine does not reveal casts, 
albumin, red cells, etc. 

The clinical eases to be presented differ as to tiie mechanism of the eliloride 
loss. The first case, as presented in detail in the Case Eeports, concerned a 
23 - 3 -ear-old girl with extensive granulating areas following a burn which in- 
volved 35 per cent of the bodi' surface. Her anemic and li3qioproteinemie state 
was adequateh- coiTccted with whole blood and plasma. However, we failed 
to appreciate the fact that huge quantities of clilorides and other e]ectrol3-tes 
could be lost through the extensive granulating areas, that is imtil a picture of 
acute prostration and impendimr .shock presented itself with a blood chloride 
reading of 327 mg. per cent. Ten thousand cubic centimeters of parenteral fluids 
containing Si Gm. of salt were needed to elevate the blood chloride reading to 
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445 Jiig. per cent on the foHo\Ying day (normal 450 to 500 mg. per cent). The 
amount of salt given here is considerably more than that which would be given 
by the Coller “clinical rule,” and perhaps was more than was actually needed; 
nevertheless, the clinical response was immediate and ideal. Hypochloremia 
. in the second case was produced by excessive loss of chlorides through vomiting. 
The high intestinal obstruction was caused by a carcinoma of the distal end of 
tlie stomach. In the 'third and most interesting ease the patient developed 
hv-pochloremia because of cholorrhea through a persistent external biliary fistula 
created when the common bile duct was opened to drain a suppurative 
cholangitis; a carcinoma of the ampulla of Vater produced the biliary obstruc- 
tion. This patient presented the most acute picture of the hypochloremic state 
and was' found early one morning in a state of extreme prostration and severe 
surgical shock. The patient’s blood chloride reading at this time was 270 mg. 
per cent. Approximatelj* 6,000 c.c. of fluids containing 54 Gm. of salt were 
needed to restore the blood chloride reading to noi-mal. A daily maintenance 
dose of 40 to 50 Gm, of salt Avcrc required to keep the patient from relapsing 
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into the hypochloremic state hecanse of the excessive amovint lost through the 
external biliary fistula. The output of bile approximated 3,000 c.c. daily. The 
chloride content of the liver bile averaged 740 mg. per cent (normal reading for 
liver bile 580 to 650 mg. per cent). The chloride content of this patient's bile 
was slightly above the normal average. The large amount of bile lost daily with 
its high percentage of sodium chloride obviously contributed greatly to the 
several recurrences of the hypochloremic state in this patient. A fourth case 
of painless progressive icterus due to a carcinoma of the common hepatic bile 
duct is very similar to the third case except for the absence of a complicating 
suppurative cholangitis. This patient also needed a veiy high daily maintenance 
dose of salt to compensate for that lost by the bile fistula. 

CASE REPORTS 

Case 1 (No. 91038). — M. H., a 23-year-old white woman, entered the Re.^earch and 
Educational Hospital, Sept. 24, 1943, with extensive second and third degree burns involving 
both arms, chest, and neck. The granulating infected areas involved 30 to 35 per cent of the 
body surface. Early contractural sear deformities were present in the neck and over the 
shoulder and elbow joints. The burn followed the explosion of a kerosene stove nine weeks 
previously. After the patient’s blood chemistry and hematologic determinations had been 
corrected, the granulating areas were grafted at ten-day intervals. On the eighth postopera- 
tive day following the fifth skin-grafting operation, the patient developed an acute hypo- 
chloremic state with a blood chloride reading of 327 mg. per cent. Her essential complaint 
in the first eight postoperative days had been mild crampy abdominal pain, apathy, anorexia, 
excessive thirst, extreme weakness, and vomiting of small amounts of bile-stained fluid with 
moderate abdominal distention. At first it was thought that the patient had an acute 
mechanical intestinal obstruction or possibly a salt intoxication. However, a flat x-ray film 
of the abdomen was characteristic of a paralytic ileus as dilated loops were noted tlnough- 
out both the large and small bowel and a very rapid response was obtained with intensive 
salt therapy. Previously the usual conservative treatment of abdominal distention had 
been of no avail and the dramatic therapeutic response was not obtained until massive salt 
treatment was instituted parenterally. The very low blood chloride reading of 327 mg. per cent 
indicated the necessity of intensive salt therapy. The onset of the acute hypochloremic 
state on the eighth postoperative day presented itself as a picture of shock and prostration 
and was accompanied by a subnormal temperature of 97° E., a cold clammy skin, drowsiness 
and oliguria of 50 c.c. during the past twenty-four hours. The patient’s blood chlorides 
were elevated to 446 mg. per cent within twenty-four hours by the administration of 9,000 
c.c. of physiologic saline solution subcutaneously. The urinary output which amounted to 50 
c.c. during the previous twenty-four hour period responded verj' readily to this tlierapy. The 
next twenty-four hour urinary output was 1,820 c.c. The nonprotein nitrogen dropped from 
00.7 to 34 during the same period. Tlie patient made an uneventful recovery tliereafter, being 
given a maintenance dose of 36 Gm. of salt daily for several days to prevent any relapse. 

Case 2 (No. 95666). — L. C., a 65-year-old Negro man, entered the Research and Educa- 
tional Hospital Aug. 18, 1944, complaining of vomiting small amounts of sour fluid aftei 
every meal for the past nine weeks. In addition, nausea, anorexia, and heartburn were 
prominent symptoms. He had lost nine pounds of weight during the ten days prior to entrance 
and was extremely weak when admitted to the surgical ward. At this time the abdomen 
was moderately distended and he complained of intractable crampy abdominal pain. Gastric 
aspiration yielded 1,200 c.c. of greenish-brown fluid on the day of entrance, but with no relief 
of the crampy abdominal pain. Laboratory examination revealed no free hydrochloric acid 
and 40 degrees of total acid. On the second hospital day the patient complained of extreme 
weakness. lYliilc waiting on a stretcher in the x-ray department for an x-ray picture to be 
made, ho complained of symptoms of collapse. He was returned to bed immediately; upon 
examination he was very cyanotic, cold, clnromj-, and obviously in shock. The usual treatment 
of shock failed; the patient died within three hours. The blood chloride reading on the 
day of death was 272 rag. per cent. A clinical diagnosis of hypochloremia was not made and 
the blood chemistry determinations were not available until after death. Urinalysis revealed 
only a trace of albumin and the nonprotcin nitrogen reading was 112 mg. per cent. The 
subnormal temperature of 98° E. obtained on admission dropped to 97° E. the following 
morning where it remained until death occurred thirty-six hours later. Po't-mortem examina- 
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tiou disclosed a carcinoma of tlie pylorus i with chrome high intestinal obstruction complicated 
by- an aspiration bronchopneumonia. Tho patient died less than forty-eight hours after en- 
trance. No doubt the bronchopneumonia- was an important contributing factor in this 
patient’s death, but wo are willing to admit that prompt recognition and treatment of his 
hypochloremia might have saved him. 
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Figr. 2. — Patient sustained a tremendous loss of blood chlorides by voipiting small 
amounts over long period of time. He entered the hospital in hypochloremic state -vf-hich was 
not recognized clinically. Due to his extreme -weakness which was characteristic of the acute 
hypochloremic state, he developed aspiration bronchopneumonia and died within several hours. 
Blood chlorides at this time were 273 mg. per cent, -with an extrarenal azotemia and a non- 
protein nitrogen level of 112 mg. per cent. 


Case 3 (No. 82396). — ^F. S., a 56-year-old white man, entered the Research and Educa- 
tional Hospital April 14, 1942, complaining of intermittent chills and fever for the past two 
or three years. These attacks had become worse during the past six weeks and had been ac- 
companied by extreme weakness and fatigue, pain in tho right loin, and migrating body pains. 
Physical findings were essentially negative except for questionable icterus, and a large liver. 
He developed chills and a septic type of fever with increase of the icterus and a white blood 
emmt of 17,000. Exploratory laparotomy was performed April 22, 1942. The gall bladder 
was distended but not tMckened. Aspiration of a common bile duct of normal size disclosed 
thin bile but no pus. However, numerous gram-positive cocci and gram-negative rods were 
found on stained smear. The head of the pancreas felt thickened but a positive diagnosis of 
carcinoma could not be made. The common bile duct was opened for drainage because of 
the numerous bacteria present. No stones were found. T-tube drainage was used with re- 
markable curative effect on the septic course. The patient’s postoperative course was un- 
eventful except for mild crampy abdominal pain, moderate distention, and a profusely drain- 
ing external biliary fistula. On the sixth postoperative day, at morning rounds, the patient 
was found in ob-vious shook. His skin was cold and clammy and he complained of extreme 
weakness and apathy. The patient’s pulse and blood pressure were unobtainable and recta 
temperature reading was 97° p., at which level it remained for several days thereafter. 
Blood chloride determination obtained at this time was 270 mg. per cent. The chloride content 
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of the bile drainage was 740 mg. per cent. The total amount of bile drainage from the T 
tube the day before the acute hypochloremic state developed was 3,700 c.c. with a total of 
12,200 c.c. during tlie previous five days. The daily urinary output dropped frpm 3,000 c.c. 
to 600 during the previous forty-eight hours. Six thousand cubic centimeters of physiologic 
saline solution containing 54 Gm. of salt were given parenterally in the first twenty-four hours. 
The following five days 36 Gm. of salt were given daily in conjunction with intravenous 
fluids, glucose, and adrenal cortical extract. The patient responded very well after the inten- 
sive salt therapy of the first twenty-four hours. The first blood chloride reading taken five 
days after the onset of the hypochloremic state was 447 mg. per cent (normal 450 to 500 
mg. per cent). The patient had received approximately 200 Gm. of salt since the onset of 
the acute collapse five days before. On June 18, 1942, the patient again relapsed into a hypo- 
chloremic state with a blood chloride reading of 330 mg. per cent and complained of extreme 
weakness and apathy. This relapse was much less severe than the first attack three weeks 
previous. Oral salt in the amount of 5 Gm. daily supplemented by 18 Gm. intravenously 
maintained his blood chlorides within normal limits thereafter. He was discharged on June 27, 
1942, with a diagnosis of chronic pancreatitis of the stenosing type. 
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Fig. 3. — Postoperative temperature chart of patient with a carcinoma of the ampulla 
I of vater. Loss of chlorides was extreme through the external biliary fistula produced at 
operation. The acute hypochloremic state developed gradually and is characterized by the 
gradual development of a subnormal temperature which reached 97° F. during the acute hypo- 
chloremic state on April 29, 1942. The blood chlorides three days later were 447 mg. per 
cent: on the morning of the acute hypochloremic state the blood chlorides were 272 mg. 
per cent 


Approximately one month later, on July 16, 1942, the patient re-entered the hospital 
with another relapse into the hypochloremic state. The blood chloride reading at this time 
was 383 mg. per cent. The previous week had been very sultry with the temperature in the 
nineties. The patient’s external biliary fistula was still draining profusely. After the blood 
chlorides had been balanced, exploratory laparotomy revealed a large tumor mass involving 
the porta hepatis with metastatic nodules in the liver. Biopsy disclosed a metastatic duct 
carcinoma of the pancreas or bile ducts. Grade III. The patient died Oct. 5, 1942, approxi- 
mately five weeks after the last operation. 


Case 4. ^\V. D., a 57-year-old, very poorly nourished white man, entered the Kesearoh 
and Educational Hospital Jan. 19, 1942, complaining of a painless, progressive jaundice of 
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.. — This patient had an external blllarj- fistula wltli extreme loss of chlorides due to 

*’"0 tlirough the fistula. The postoperative course shows the gradual 
temperature and also tlio gradual lowering of the blood chlorides which readied 
juo mg. per cent (blood chlorides) during the hj-pochloremlc state. The body temperature 
point and gradually rose to approach normal after the blood chlorides 
verc eieyatw. It is also noted that the nonprotcin nitrogen returned to normal after the 
blood chlorides returned to normal. 
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five months’ duration. Exploratory laparotomy revealed a carcinoma of the common bile 
duct. This was resected and an external biliary fistula e.stablished ; no, attempt was made to 
establish an internal biliary ii.stula at this time because of the patient’s prccariou.s condition. 
Due to the loss of at least 2,000 c.c. of bile daily, the patient relapsed into the hj’pochloremic 
state several times in spite of a relatively large intake of salt. The symptoms of crampy 
abdominal pain, subnormal temperature, cold clammy skin, nausea, and vomiting accompanied 
by hiccoughs were similar to the other cases reported. A jejunostomy was performed March 
31, 1942, to facilitate the return of bile to the gastrointestinal tract. The patient expired on 
March 14, 1942. The autopsy findings disclosed a bronchopneumonia of the left lower lobe 
and multiple liver abscesses as the immediate cause of death. 

coaniENT 

I am in accord with Collcr and his associates relative to the caution which 
should be used in tlie administration of salt in the surgical patient. Tliis is 
especially important in the older age group of patients postoperatively, because 
any additional load, no matter how slight, may be too much for the presenile 
kidney. However, there are exceptions (particularly when there is abnormal 
loss) as Coller and his co-workers have stated, where salt therapy is allowed 
and needed ^postoperatively. The four clinical cases pi'esentcd are dramatic 
exceptions to the “no salt rule postoperatively.” In fact, it is extremely im- 
portant that the hypochloremic state he recognized immediatelj' for not only is 
salt indicated, but in large amounts and rapidlj\ This need for salt may 
total as much as SO to 100 Gm, of sodium chloride in twenty-four hours for a 
patient whose blood eliloride reading is less than 300 mg. per cent, particularly 
when the source of the chloride loss persists. Whether the electrolytes are to be 
given in physiologic saline, Ringer’s, or Hai'lmann’s solution will depend upon 
whether there is a compensatoiy alkalosis or a complicating uremic acidosis to 
be treated. It might appear that salt given in the amoimt discussed, to an older 
patient with impaired kidney function, postoperatively, would necessarily throw 
him into a fatal uremia and anuria. Such would, of course, be true if a severe 
hypochloremia was not present and the source of tlie loss persistent. 

Although a relatively rare cbnical entity, the hypochloremic state deserves 
enough publicity so that it will be readily and easily recognizable. It is 
equivalent to “heat exhaustion” passing into the snbacute or chronic phase due 
to the persistence of the chloride loss. Spontaneous recognition is difficult due 
to its rarity and the bizaiTe clinical picture pesented. The physician must be 
aware of the clinical entities which may allow the loss of sufficient chlorides to 
produce the hypochloremic state. The conditions most commonly allowing the 
loss of large quantities of electrolytes are gastroduodenal drainage, pyloric ob- 
struction with vomiting, persistent external biliary fistulas, high intestinal 
fistulas, electrolytic loss from large granulating areas, persistent fever and. ex- 
cessive sw'eating from a long operation during the sultry weather or both. Emer- 
gency facilities for determining blood chloride levels at night or over week ends 
should be made available. One patient (Case 2) entered the hospital Saturday 
afternoon and died the following Monday afternoon shortly after a blood 
chloride reading of 273 mg. per cent was returned, but obviously too late to 
aid in treatment. The diagnosis of hypochloremia was not made clinically; we 
consider this error a serious and preventable one because of the severitj’ of the 
symptoms. 

The clinical manifestations of the hypochloremic state may he classified as 
either pi’odromal or advanced. The advanced symptoms of the hypochloremic 
state are acute and very similar to those of surgical shock and extreme prostra- 
tion. They are usually characterized by a subnoi’mal temperature of 97 to 98° 



IRKNKUS, JR.: IIYPOCULORRaUC STATU IN SURGICAL PATIENTS 589 

F., a systolic blood pressure of 80 or below, and a very soft easily compressible 
pulse wliieli is almost unobtainable. The skin is cold and clammy, and excessive 
thirst accompanied by extreme wealoiess and prostration are likewise common. 
These acute advanced symptoms may be preceded for several days by the pro- 
dromal symptoms which consist of mild cramplike persistent abdominal pain, 
nausea, moderate abdominal distention, and the vomiting of small amounts of 
bile-stained fluid repeatedly. In addition tlie patient may appear languid, 
drowsy, and apathetic and not infrequentlj’’ may develop an intractable hiccough. 
Anorexia is almost always present and bowel movements or flatus is singularly 
absent. Other fairly constant findings are an oliguria of 100 c.c. or less with 
the symptom complex of uremia. The oliguria and uremia are apparently on an 
cxtrarenal basis as they both rajiidlj’- return to normal when the blood chlorides 
are elevated. The similarity of the symptom complex of the hypochloremic 
state to the clinical picture presented by salt intoxication, the ‘ ‘ acute abdomen, ’ ’ 
postoperative ileus, and Intestiiial obstruction due to nutritional edema make 
them extremely difficult to differentiate, except for the low blood chloride read- 
ing and the clinical states mentioned, which allow an uncompensated loss of 
chlorides, . 

The importance of early diagnosis of the hypochloremic state cannot be 
minimized. The low chloride level of fhe body fluids and tissues is rapidly 
fatal because of the uncompensated alkalosis and extrarenal azotemia pro- 
duced with its accompanying state of severe shock. The extreme weakness, 
lowered metabolic rate, and shock lead inevitably to other complications such 
as intestinal ileus, aspiration and hypostatic pneumonia, and the onset of a 
vicious cycle. Therefore, prophylaxis by recognizing the possibility of its 
occurrence through chloride determinations in the suspected case is very 
essential. * Active therapy should revolve around massive fluid and salt therapy, 
preferably intravenously. Experimentally, Suffer and associates^ have shown 
that the intravenous injection of salt is retained in the tissues much more readily 
when supplemented by cortical adrenal extract parenterally. 

Shock due to the acute hypochloremic state will not respond to the usual 
tlierapy of blood, plasma, and nonspecific intravenous fluids. Immediate and 
specific active therapy consisting of massive doses of salt and fluids is indicated 
parenterally. This should be supplemented by adrenal cortical extract which 
materially aids the body tissues in retaining the sodium and chloride ion. From 
6,000 to 10,000 c.c. of physiologic saline solution parenterally may be necessary 
within the next twenty-four hour period to prevent a fatality. The Coller 
clinical rule” as mentioned previously in the text is an extremely accurate 
guide in salt replacement therapy. This allows the patient .5 Gm. of sodium 
chloride per kilogram of body weight for every 100 mg. per cent below 560 which 
is the lower limits of normal for the plasma chloride reading. Once the hypo- 
chloremic state has been corrected, a daily maintenance dose should be e.stab- 
li.shed by the “volumc-f or- volume” method as suggested by Coller, which is 
based on tlie amount of electrolyte still being lost. This can be supplemented 
by daily blood chloride determinations. The patient’s clinical state and his 
physiologic response to appropriate test doses of salt are other valuable guides 
as mentioned previously. Obviously too much salt should not be given because 
salt intoxication and edema are almost as likely to lead to a fatality as hypo- 
chloremia. The miraculous clinical cures obtained by massive salt therapy are 
illustrated by Cases 1 and 3. The pos.sibility of a rapidly fatal clinic.al course 
i.s illu.stratcd by Case 2, in which the patient had a carcinoma of the pylorus witli 
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remarkably little vomiting but a blood cbloride reading of 273 mg. per cent. 
He died less than forty-eight hours after admission. The severity of his hypo- 
chloremia was not appreciated until just before death. 

The interpretation of blood cMoride readings is important as the normal 
values vary, depending on whether the whole blood or the plasma chloride read- 
ing is being used. The normal whole blood chloi’ide values are 450 to 500 mg. 
per cent. The plasma chloride values are 580 to 650 mg. per cent. The lower 
value of the whole blood is due to the sodium chloride content of the red blood 
cells being much below that of plasma and serum. Therefore, Imowledge of what 
type of chloride estimation is being performed and what the normal limits are 
for that particular estimation is essential. The salt content of bile is approxi- 
mately the same as that of plasma or serum. However, it may be slightly higher 
as the liver has some power of concentration even after cholecystectomy. The 
chloride estimations used in this paper are for %vhole blood (normal 450 to 500 
mg. per cent). 

Obviously, one must be careful not to overload these patients \vith too much 
salt once they have been rescued from the acute lack of sodium chloride. There- 
fore, daily blood chloride determinations should be routine follow-up control as 
well as the physiologic response of the patient to test doses of appropriate salt 
solution. As is well Icnown, salt edema alone or in com])inalion with nutritional 
edema can produce complete intestinal obstruction at the anastomotic site post- 
operatively. The happy medium may be extremely difficult to obtain in patients 
xmable to take an 3 i;hing orally, especially when losing electrolytes by the methods 
just mentioned. 

SUMMARY 


Pour clinical cases of the hypochloremic state occurring in surgical patients 
are presented. The necessity for immediate recognition and dilferentiation from 
acute surgical conditions demanding operative intervention such as the "acute 
abdomen” or from salt intoxication and postoperative ileus which demand 
radically different nonoperative therapy is emphasized. In the hypochloremic 
state an abnormal loss of electrolytic fluid by gastroduodenal suction, pyloric 
obstruction, external or high intestinal fistulas, extensive granulating areas, 
and excessive loss of perspiration or allied causes is always demonstrable. The 
immediate postoperative period or warm sultry weather is the time period 
when this state is most likely to occur, especially when the abnormal loss of salt 
is prolonged. The loss of sodium chloride may become pernicious if not cor- 
rected, due to the accompanying dehydration, compensatory alkalosis, and 
further loss of chlorides by vomiting which is almost always present secondarily 
in the hypochloremic state. Immediate diagnosis is of vital importance because 
patients in the acute hypochloremic state are as ill as those with acute intestinal 
obstruction, and may die within a relatively short period of time unless massive 
salt therapy is instituted. 


The various clinical features may be summed up as follows. The possibility 
of the hypochloremic state should always be kept in mind when considering 
surgical complications, especially postoperatively. It should be noted whether 
any abnormal loss of electrolytes has occurred and particularly whether or not 
such loss has been present for several days without being compensated for. 
If in doubt, an emergency blood chloride determination should be obtained. Any 
reading in the neighborhood of 300 mg. per cent or lower demands immediate 
consideration in therapy. The value of an emergency blood chloride determina- 
’on is tragically demonstrated in the patient (Case 2) v 
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ing returned Monday noon with a value of 273 mg. per cent shortly after his 
death. He had entered the hospital Saturday afternoon, thirty-six hours previ- 
ously, and had had an incorrect clinical diagnosis. 

The clinical manifestations in the acute hypochloremic state may be exempli- 
fied in a patient suddenly found in shock with a cold clammy sMn, subnormal 
■ body temperature, unobtainable or Aveak pulse, systolic blood pressure of 80 
or below, with complete prostration and at least partial mental confusion. This 
acute shoeklike state is found when the blood or plasma chloride reading drops 
to approximately 150 mg. per cent below the lower limits of normal. For 
several days previously this acute h 3 ’-poehloremia may have been preceded by 
nonspecific prodromal symptoms such as the vomiting of small amounts of bile, 
abdotninaj distention, mild crampy abdominal pain, hiccoughs, inability to pass 
gas, and extreme weakness. The latter clinical symptoms are usually noted when 
the blood or the plasma chloride readings are between 50 to 150 mg. per cent 
below the lower limits of normal. The output of urine, bile, gastroduodenal suc- 
tion, or vomitus during this prodi'omal period has usually been tremendous and 
is always more than the fluid and eleetrolj'tic intake. This leads to acute de- 
hydration, oliguria, compensatory aUmlosis, and extrarenal azotemia Avith the 
onset of the acute hypochloremic state and its accompanying shock. The 
alkalosis or acidosis is disregarded as this disturbance of the acid-base balance, 
along Avith the elevated nonprotein nitrogen, automatically returns to normal 
with the correction of the hypochloremic state. - Glamble® has emphasized that 
sodium chloride given AV'ith an abimdance of Avater Avill correct either alkalosis 
or inorganic acidosis, the kidneys excreting the unnecessary ion. 

The specific therapy of acute h 3 T)oehloremic prostration is massive salt and 
fluid replacement parenterally. Sodium chloride in amounts of 80 to 100 Gm. 
during the first tAventy-four hours is occasionally necessary to bring the de- 
pleted patient out of the critical condition into Avhich he has suddenly lapsed. 
A daily maintenance dose of 30 to 40 Gm. of salt may be necessary Avhen the 
abnormal chloride loss is excessive and very difficult to control, as in Case 3. 
The Coller “clinical rule” for the replacement of sodium chloride is a valuable 
guide in the treatment of the acute hypochloremic state. As a general rule, 
no salt should be given to surgical patients during the first fcAv postoperative 
days; however, occasional cases may arise Avhere intensive salt therapy is 
definitely indicated. 
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NEW TECHNIQUES FOR PARENTERAL FIjUID AND 
DRUG ADMINISTRATION 

I. i\IUSCUL-VR Intubatiox 
Rodger E. JIacQuigg, M.D., New York, N. Y. 

(From flic Department of Surgery, Columbia- University College of Physicians and Surgeons 

and the Presbyterian Hospital ) 

D evelopment of modei'u plasties ami discovery that they arc well 
tolerated by the tissues have opened important fields beside flieir installa- 
tion as prosthetics. Investigators in the pharmacotherapy unit at Harvard 
(Drs. E. B. Astwood, J. F. jllarehand, and B. Zimmerman) found that small 
tubes of vinyl chloride polymer were well tolerated in veins in the dog for many 
days of continuous infusion, and were less readily dislodged than eannulae. 
This suggested to them clinical application where eannulae, Lindemann needles, 
or even repeated venipunctures for infusions would ordinarily be used. I was 
invited to as.sist in development of the intravenous technique and its clinical 
testing. The highly gratifying results obtained and the methods developed will 
be described in subsequent publications. It is, of course, understood that venous 
intubation is in itself not new, but it is felt that use of the very fine and pliable 
but tough plastic tubes instead of the bulky, costly clot-promoting ureteral 
catheters or nibber tubes formerly used, is an important advance, particularly 
in eliminating the need for cutting down upon relatively small veins. 

This commuiiicatiou is to call attention to a further development apparently 
not heretofore described — muscular intubation with plastic tubes, specially 
created for these purposes and flexible as ordinary twine.® It will be recalled 
that penicillin must be given pai'enterally (at least until proposed oral forms 
become applicable), and that Imcause of its rapid desti’uction and excretion, in- 
tramuscular injection every three hours is standard practice. Use of an oily or 
poorly soluble menstruum has been proposed to reduce injection frequency, but 
rais'es further obvious questions as to variation in the effective concentration 
of drug and of untoward reaction fi’om accumulated menstruum. In any case, 
the maddening repetition of the usual injections becomes a -serious matter to the 
sick, weary, and nervous patient, interfering with sleep and sometimes growing 
to an obsession about needles. 

Encouraged by success with venous intubation sugge.sted by the Harvard 
group, it occurred to me that by inserting i>laslie tubes deeply into the muscle, 
injections could be given without disturbing the patient. It has been foimd 
clinically that one-half million units of penicillin may be given dail.v at the 
same site for one week with negligible reaction. 

To facilitate hijections an “ampule adaptor" was devi.sed, to mount an 
ordinai-j' small ampule cap on the external end of the tube. The nurse then 
mereb' tips up the cap, sterilizes it with iodine, and slowly injects into it the in- 
dividual dose of penicillin. This may often be done without waking the patient. 
We have used sodium penicillin, made up in solution with physiologic saline 
so that the desired dose is contained in exactly 1 c.c. (or 1.2 c.c. in the case 
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of a patient receiving 60,000 units in each dose). Patients toTeceive doses be- 
yond this range of magnitude have been given a continuous clysis througii the 
tube into the muscle, with for example 500,000 units dissolved in 240 c.c. of 
saline solution daily. This gives a high and constant titer in the body fluids with 
a surprising degree of freedom from local reaction. Patients who have received 
penicillin via plastic tubes, after experience with the usual method, are unan- 
imous in keen appreciation of them. Instructions are given to move the 
involved muscles naturally, and if any local “full” feeling is noted after an 
injection, to rub the area gently to promote dispersal. 


1 



Fig. 1. — A, Enlarged 
cos ©ring compress removed 
outer side ot nght tViigh. c. 


view o£ tube and ampule adaptor. Bj Side view of thigh, with 
and puncture dressing laid back, showing tubing as installed in 
Cross section of thigh with tube Ling deep in lateial musculature. 


Nurses must be cautioned not to use tliis convenient little adaptor for in- 
jection of sucli substances as liver extract; the nonirritating nature of the tube 
naturally cannot alter the inadvisability of injecting certain medications re- 
peatedly in one spot. Careful clinicians should find on furtlier investigation 
that a number of medications ordinarily given by multiple injections are well 
tolerated when thus placed deeply into the muscle. IMeanwhile this note is 
published in the hope of alleviating the real discomfort of the thousands re- 
ceiving penicillin injections daily, some of whom refuse to continue medication 
of which they are in serious need. An application suggested by the originators 
of the plastic intubation, and by many who have .seen it since, i.s in oontinnous 
spinal ane.sthesia. It offers obvious advantages, as it may be obtained finer 
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than the lead in a mechanical pencil, and despite its strength, may be stretched 
over twice its length "without breaking. Low cost permits discard after a single 
use. Spinal use will be discussed after suitable spinal techniques have been 
further studied. The tubing has also been placed through a tjmipanie perfora- 
tion occurring in otitis media, for local penicillin therapy in the middle ear. 
Antral irrigation every three hours by indwelling plastic tubes has been similarly 
suggested. Details of the teelmique for muscular intubation follow. 

The selected tubing passes readily through a 17 gauge needle. It is cut into 
twelve-inch lengths and sterilized by boiling for thirty minutes. The ampule 
adaptor consists of a Luer-tipped glass tube bearing a rubber ampule cap, and 
a dulled, short bevel, 22 gauge needle of one-half inch length. The glass tube 
can be made from the Luer tip supplied with most intra%’’enous sets, cut and fire- 
glazed to give snug fit mth a rubber cap. The entire adaptor is sterilized with 
an obturated 17 gauge spinal needle five and one-half inches long, which is used 
for introducing the tube into the muscle.® The stylet of the spinal needle pre- 
vents plugging of the needle mouth by fat particles during the insertion, so that 
the rather limp tubing maj' be readily pushed into tlie tissues as the needle is 
withdrawn. 

The site is shaved if hairy, widely prepared with iodine and alcohol, and 
draped with three sterile towels. Sterile gloves should be worn. A dermal wheal 
of 1 per cent novocain is raised in midthigh at juncture of anterior and lateral 
aspects. The spinal needle is thrust smartly cephalad and slightly mediallyj 
deep into the vastus medialis muscle. It may be pushed up with the skin to gain 
as much depth as possible. The obturator is then withdrawn, and the tubing 
(with end cut off squarely) is threaded into the needle. TiTiile the tubing is 
being pushed on, the needle is \vithdrawn; the tubing maj' be fed directly into 
the needle hub "with thumb forceps to minimize tendency to buckling. After the 
needle has been withdrawn one-third of its length, the tubing may be released 
and observed. It should be dragged into the hub as the needle is further with- 
dra"wn, showing that the tissues have seized the tube tip. Pressure may then he 
applied on the overlying sldn to aid in retaining the tubing as the needle is 
cautiously stripped back out of the thigh and off the tube. If the tubing 
should for any reason fail to lodge at full depth in the muscle (an India inl^ 
marker placed five inches from the tip before sterilizing is helpful), it should he 
entirely withdrawn and re-inserted — subcutaneous deposition of solution is a 
cause of discomfort, poor absorption, and pocket formation. The plastic tubing 
is taped directly to the skin by a piece of one-inch adhesive eight inches long, 
just below the point of emergence of the tube. It is desirable to be able to observe 
the entry site but the tubing should be taped closely so that it cannot work in 
and out of the skin as the limb is moved. A sterile compress is then centered 
over the minute entiy puncture by tape diagonally securing its corners. The 
adaptor is inserted into the free end of the tubing and taped loosely to the 
skin at a convenient point. A folded compress is placed under the adaptor 
unit so that it wll not press directly on skin. A short piece of tape with 
adherent side upward maj’" be placed under the adaptor tape at this point, hold- 
ing the adaptor securely but allo"wing it to be tipped up for injection, and 
facilitating renewal of the compress beneath if it becomes soiled with iodine 
in preparing the cap for injection. Finally, a large compress is taped over the 
installation as a whole to keep clothing from catching on it. If one corner of this 
compress is placed over the adaptor it pro’vides a tab which may be tume 
back to expose it for each injection "without disturbing the dressing. 


•Prepared for this work by courtesy of Becton, Dickinson & Co. 
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After use for several days the tube should be uathdraivn and a different site 
intubated. (The tubing is discarded rather than cleaned, a boon to the nursing 
staff.) Alternating injections between simultaneously placed tubes is illogical, 
for then neither region .used is truly rested from the solution, and it has been 
found that use of single areas with periodic relocation gives excellent results 
even with unusually large doses. Eeinstallation every four days saves the 
patient thirty-one out of the thirty-two punctures othenvise required, and the 
remaining puncture (for the intubation) is made at the doctor’s convenience 
with novocain. Patients ma}’- be ambulatory while undergoing discontinuous in- 
jections, and may move far more freely during a elysis technique than if stiff 
needles were used. 

Grateful adcnowledBments are due Miss Balbina Johnson of Surgical Bacteriology for 
sterility testa and for valuable suggestions : to the Departments of Medicine and Otolaryn- 
gology for clinical trials (Dr. T. Hunter and Dr. R. Robertson), and to the staff of the Babies 
Hospital. 


STUDIES ON THE MECHANISM OP CITRATE INTOXICATION IN 
MASSIVE TRANSFUSIONS OF WHOLE BLOOD 

T. P. Thornton, Jr., M.D., W. E. Adams, M.D., and 
L. M. Carlton, Jr., M.D., Chicago, III. 

(From the Department of Surgery, The University of Chicago) 

' I *HE recent widespread practice of administering large amounts of citrated 
1 - whole blood and plasma in the prevention and treatment of shock repre- 
sents a major advance in the surgical care of patients. Investigative work in 
this field has resulted in a warning issued against the too liberal use of citrated 
blood. Ivy and his co-workers^ found that animals bled 45 to 65 per cent of 
their estimated blood volume died in 84 per cent of cases if no replacement 
was made. If citrated whole blood or plasma was given over a five-minute 
period to replace the loss, 50 and 70 per cent, respectively, of the dogs died. 
If heparinized plasma were used for replacement, only 6 per cent of the ani- 
mals died. I)^ and his associates concluded that 1,500 to 2,500 e.c. of citrated 
whole blood or plasma given rapidly to a man weighing 70 kilograms might 
prove fatally toxic. Bruneau and Uraham^ reported experiments in which 
dogs were bled 10 per cent of the estimated blood volume and the blood then 
reinjected during a one-half hour period. The reinjected blood contained either 
0.6 per cent sodium citrate or heparin; the hemorrhage and replacement were 
repeated until the animals died. The dogs receiving the citi’ated blood ex- 
pired after an average of 9.25 hemorrhages, or approximately 92.5 per cent of 
the estimated blood volume, while the dogs receiving heparinized blood aver- 
aged 25.2 hemorrhages, or 252 per cent of the estimated blood volume before 
death occurred. It was obvious from these experiments that some other factor 
than sodium citrate contributed to the death of the animals, but citrated blood 
was much more deleterious than heparinized blood. 

First We undertook experiments^ similar to tliose reported by and 
associa tes.^ We found, as he did, that citrated blood given rapidly to treat 

"'t® supported In part by » grant from the Douglas Smith Foundation for 
.Modicat Researcli of the University of Chicago. 
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shock produced by hemorrhage resulted in the death of the animal. However, 
dogs could be bled as much as 60 per cent of tlie estimated blood volume, and 
survive, if the replacement by citrated whole blood was made over a period of 
twenty minutes or longer. Evidently the sodium citrate Avas detoxified and 
excreted fairly rapidly: When bleeding and transfusions Avere conducted 
simultaneously an aA'erage of 122 per cent of the estimated blood volume Avas 
exchanged during a period of seventy minutes before the animal expired. 
When the rate of bleeding and transfusion Avas less rapid, a larger vohnne Avas 
exchanged AAuthout reaction. We concluded that the time of administration 
determined Avhether a serious or fatal reaction Avould occur, and felt that 
transfusions Avere rarely, if ever, gjA-en at a rale likely to cause citrate reac- 
tions in man. Calcium gluconate Avas found to be A'ery effeetiA^e in preventing 
or allcAuating citrate intoxication Avhen A’cry large doses of citrate had been 
administered during a short period of time. 

AtETHODS AND RE.SULTS 

In the present study Ave attempted to perform experiments somewhat simi- 
lar to those reported by Bruneau and Graham.^^ We felt that it should be 
possible to bleed and transfuse a dog indefinitely, proAuding the blood loss Avas 
replaced simultaneously. We modified our experiments to this extent: instead 
of bleeding the animal a given amount, and then replacing the loss, Ave ob- 
tained 200 c.c. of Avhole blood from another dog to use as a reserA'e supply. 
This blood Avas infused into a femoral vein as Ave conducted bleeding from the 
opposite femoral artery. The blood remoA'ed from the femoral artery Avas 
added to the blood in the flask leading to the vein. At the conclusion of the 
experiment 200 c.c. of Avhole blood remained in the flask to the femoral A^ein. 
In this Avay Ave could bleed and transfuse dogs simultaneously; at any given 
moment the status of the circAxlating blood Avas theoretically the same as Avhen 
the experiment began, since bleeding and replacement Avere approximated. 

Three experiments Avere performed Avith heparin. The animal Avas anes- 
thetized Avith ether, one femoral vein cannulated for infusion, and the opposite 
femoral artery cannulated for bleeding. For convenience, 100 c.c. units Avere 
AvithdraAvn. Each 100 c.c. of blood Avas heparinized by AvithdraAving it into a 
flask containing 0.1 c.c. heparin^ in 5 c.c. of saline solution. As the first 
100 c.c. Avere withdraAvn, 100 c.c. of hepaxunized blood from a doixor Avas in- 
jected. For the remainder of the experiment, the aiximal’s blood Avas merely 
heparinized and reinjected. Dog 63 Aveiglxed 8.8 kilograms. The estimated 
blood Amhxme Avas 880 c.c. He Avas bled 8,800 c.c. and transfused this amount 
of hepariixized Avhole blood in five and one-half hoxu's. He AA'as sacrificed in 
eight days. No ill effects Avere noted. Dog 66 Aveighed 9.2 kilogi'ams and had 
an estimated blood Amlume of 920 c.c. He Avas bled and transfused 9,200 c.c. 
in one hour and fifty-one minutes. No ill effects Avere noted and he Avas used 
in a different sex’ies of expeilments tAvo Aveeks later. Dog 15 Aveighed l4.3 
kilograms and had an estimated blood A'olume of 1,430 c.c. He AA-as bled 14,300 
c.c. and transfused with this amount of hepax’inized Avhole blood in fifty-seven 
minutes. No ill effects Avere noted during a period of obsex-vation of tAvo Aveeks. 

Three similar experiments Avere ran Avith citrated blood. The bleeding 
and transfusion Avere conducted as ixx the heparin studies. Each 100 c.c. of 
blood was drawn into a flask containing 20 c.c. of .sodium citratef and 3 c.c. 
of calcixxm gluconate.j; It- Avas necessary to agitate the blood constantlj' to 

•Leflerle, 1 c.c. = 10 mg. heparin. 

tU. S. Standard Products Company, 2% per cent solution sodium citrate. 

tSandoz, 20 per cent calcium gluconate. , 
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prevent clotting after the calcium gluconate was added. The experiments 
could not have been attempted without the addition ol calcium gluconate since 
the animals would have soon died of citrate intoxication. Dog 105 weighed 
7.3 kilograms and had an estimated blood volume of 730 c.c. Over a two-hour 
period he was bled 7,300 c.c. and this was replaced simultaneously with ci- 
trated, gluconated whole blood. The animal died two hours after the experi- 
ment was finished. Dog 114 Aveighed 8.3 kilograms and had an estimated 
blood Amlume of 830 c.c. Pic Avas bled and transfused 8,300 c.c. and died one 
hour after the study Avas completed. Dog 158 Aveighed 6.0 kilograms and had 
an estimated blood volume of 600 c.c. He Avas bled atid transfused 6,000 c.c. 
in sixty minutes. This animal died shortly after, the infusion Avas complete. 
Autopsies on these dogs shoAA'ed generalized edema. Dogs 105 and 158 had 
marked pulmonary edema and Dog 114 had about one liter of free fluid in the 
abdomen. The kidneys Avere not abnormal. If one takes into account the 
Amlume of the sodium citrate and calcium gluconate added to the blood in 
these animals they received 230 c.e. of fluid per kilogram added to the circulat- 
ing blood. This Avas thought to h^ve been the principal cause of death. 

Therefore, three animals Avere anesthetized and infused Avith 230 c.c. of 
physiologic saline solution per kilogram. No bleeding Avas done. Dogs 694, 
695, and 690 Aveighed 12.5, 9.5, and 13.6 kilograms, respectively, and receiAmd 
2,875, 2,185 and 3,128 c.e. of saline, respectiA'ely, in sixty minutes. All the ani- 
mals shoAved marked enlargement of the abdomen and tA\^o (Dogs 694 and 690) 
had large, Avatery evacuations of the boAvel at the end of the experiment. The 
respirations became hindered by fluid in the lungs. One animal (Dog 694) 
died Avithin tAventy-four hours and showed ascites (1,000 c.e.) and extensiAm 
edema of the lungs. Dog 695 Avas sacrificed in tAventy-four hours and had 
edema of the tissues, but no marked ascites or pulmonary edema. The kidneys 
Avere Amry pale and SAVollen. Dog 690 reeoAmred and Avas not sacrificed. 


, DISCUSSION 

The experiments Avith heparin dcmoustratc that a dog can tolerate a remark- 
able turnover of the blood. To accomplish this certain hazards such as the pro- 
duction of shock must be avoided. The animal AA'ill not tolei’ate indefinitely 
repeated small loAA'erings of blood pressure. This is demonstrated by the experi- 
ments of Bruneau and Graham.^ Our AAmi’k is subject to the criticism that the 
dog s blood AA'as reinjected. We feel that hlood from other animals AAmuld haA^e 
been just as satisfactory, but it is no small pi’oblem to obtain the volumes of 
blood used in these studies. The experiments using citrated blood conclusively 
l)roA'c that some disturbing factor A\'as at Avork. Ivy and Bruneau and their co- 
AA'orlvcrs had demonstrated tin's prcA'iousl.A'. HoAvcver, since calcium gluconate liad 
been used in these animals to restore calcium ions, aa'c fell tliat some other factor 
AAas at fault. 11 occurred to us that the do.J!:s aa'Iio had their blood A'olume depleted 
and replaced ten times Avith citrated blood received, in addition, 230 c.c. of fluid 
I'cr kilogi'ara during the coui-sc of the experiment. It seemed that this might be 
lo.sponsible lor the edema and death of the animals. For that rea.son 230 e.e. of 
pliAsiologic saline solution per kilogram Avere giA’cn (o three animals. It is not 
siirpn.sing that only one dog died, .since physiologic saline solution jjroduces less 
altcratiou of the state of the blood than any other solution commonly used. 
Ilarthen^ demonstrated this and found that 65 to 175 c.c. of 0.7 per cent NaCl 
per kilogram of body Aveighl injected into doir.s in thirty minnle.s eau.sed no re- 
action. It seems likely, then, that death in the animals receiving citrated bl(K)d 
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protected mth calcium gluconate was due to overloading the blood stream with 
resultant pulmonary’- edema. 

One more study should be made. The blood of dogs undergoing the ex- 
periments just cited should be perfused through a frog's heart preparation to 
test the toxicity of citrated blood with and without calcium gluconate pro- 
tection. These experiments were planned, but abandoned because of shortage 
of personnel. 

SUMJIARY AND CONCLUSIONS 

1. If shock is avoided a dog’s blood volume may bo depleted by bleeding 
and replaced bj'' transfusion as man}^ as ten times, using heparinized blood, -ivith- 
out ill effects. 

2. Dogs usually die if the same procedure is carried out using citrated 
blood, even though calcium gluconate is added. 

3. This is thought to be due to the overloading of the blood stream by the 
large volume of fluid used to convey the sodium citrate. 

4. It seems unlikely that any of the reactions seen in laboratory experi- 
ments would occur in man, and one should not hesitate to give massive trans- 
fusions when indicated. 
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A IklODIPICATION OP THE GIUS-RACELY PORTABLE 
SUCTION APPARATUS 

S'Iajob Coy S. Stone, xVNd Captain S. A. Roddenbery 
JIedical Corps, Army of the United States 

GENERAL 

A t THIS station a variety of suction devices have been used to decompress 
the intestinal tract in patients with abdominal distention due to intestinal 
obstruction, of the mechanical or paralytic t 3 T)es. Two-bottle and three-bottle 
sets have been employed to remove gas and fluid from intubated patients, but 
these methods have been clumsy, inefficient, and troublesome to aU concerned, 
including the patient. We sought a more efficient and practical mechanism, 
and were pleased to find an article by Gins and Raeely,* describing a new 
portable suction apparatus in which suction is produced through their two- 
bottle system by using a single cylinder tire pump. 

With their idea in mind, we set out to build a similar device, but sub- 
stituting a smaUer pump. A shuttle pump was employed to initiate suction 

Received for publication, May 26, 1945. 

•Gius, John A., and Racely, Clay A.: A New Portable Suction Apparatus for Use WiO' 
the Miller-Abbott Tube, Sotgert 15: 574, 1944. 
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and this proved to be easy to operate and remarhably efficient. W6 found this 
new device to be veiy satisfactory and it has been euthusiastieally received by 
the medical and nursing staffs concerned. . 

DESCRIPTION OP THE APPARATUS AND ITS CONSTRUCTION 

Two one-gallon bottles are inclosed in a light wooden box. On one side of 
the box, a “shuttle” pump is mounted Avith the handle on the outside and it is 
operated with an easy motion. The handle can 'he rocked to-and-fro with gentle 



Pig. 2. — Apparatus In use on a patioftt nith a paralytic ileus, Mlllei'- Abbott tube Is being u=e(1 
foi intubation (Ofllclal pliotograph b> U. S .\i Air Corp ) 



Fig. 3. — Same case as Pig. 2; the patient Is demonstrating the ease with which 
shuttle pump may be operated by all but the acutely ill. (Official photograph by U. fa. Ami 
Air Corp.) 




, 1 . , 
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pressure between the thumb and index finger of either liand. The two bottles are 
connected with each other by rubber tubing through two two-hole rubber 
stoppers with tube connectors. In our set, three right angle and one T-tube 
connectox’s are used. The intestinal tube is connectechto the waste bottle, the 
pump being connected to the vacuum bottle by means of similar tubing and 
connections. A maxxometer giving the negative pressure reading within the 
system is connected to the vacuum bottle. Opei-ation of the pump removes the 
air from the system and suction is produced on the intestinal tube through its 
attachment to the Avaste bottle. This bottle acts as a I’eservoir for the gaseous 
and fiuid contents to be removed. (See Figs. 1 to 4.) 



I'le. 1. Photograph made inside a hospital airplane showing pioposed use in air evacuation 
oi the ^vounaed, (Official photograph by U. S. Army Air Corp.) 


operation of the apparatus 

The suction device may be placed beside the patient’s bed, on a table or 
a chair. . Preferably it should be one to tAvo feet loAver than the body, to de- 
Aelop a siphon effect, but it can be operated at the same leAml as the patient 
Avithout the aid of gravity. Before operating the shuttle pump to create suc- 
tion in the system, the intestinal tube should be clamped off to eliminate any 
possible damage to the ga.sti’ointestinal mucosa by sudden change in pres.sui'c 
nx, the openings in the end of the tube. We haA'c found that an effeetiA'c nega- 
tiAc pressxxre I'ange Avith this machine is two to four inches ofmiercuiy (.50.8 
to 101.6 mm.). Less suction is requii-ed to produce OA'acuation of gasti-ointesti- 
nal contents through a single hxmen tube, .such as the LcA'in tube, than through 
the xise of the doxxble-lumen Slillei’-Abbott tube, the lattei- being longer and of 
smaller diameter. Two to three inches (merexirv) of negatiA’c pre.ssui’e (50.8 
to <6.2 mm.) arc adequate for the .single-lumen tube and three to four inches 
(T6.2 to 101.6 mm.) are satisfactory for the double lumen tube. Once the 
desired amount of negative pressure has been created in the bottles, a.s 
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on th.e gauge, the intestinal tube can be opened and the rate of drainage regu- 
lated as desired, by means of a screw clamp. We have found that when the 
negative pressure has been lowered to four inches (101.6 mm.) of mercury, 
950 c.c. of fluid, or an equivalent amount of gas, will be evacuated, when the 
base of the suction device is level with the tip of the suction tube. Witli the 
base of the device twenty inches below the level of the tube tip, a siphon effect 
is obtained and 1,300 c.c. of fluid will be delivered into the w’aste bottle. 

The first device that we constructed had no provision for preventing back 
leakage of air through the pump, with a fairly rapid loss of negative pressure 
and consequent loss of suction. This rvas prevented by clamping off the tube 
from the pump to the vacuum bottle after operation of the pump. Its opera- 
tion was somewhat complicated, but this disadvantage was minimized on a 
subsequent model by placing a check valve on the outlet valve of the pump. 
Thus, back leakage into the bottles was prevented when the apparatus was in use. 

SUMMARY 

A suction device for gastrointestinal decompression has been described. 
It is an efficient, easily operated mechanism, which may be transported with 
the ease of a small handbag from ward to Avard, in the hospital. It weighs 
12% pounds. The parts required for construction should be available at any 
Army Air Force installation. It is primarily for use in cases of gastric and/or 
intestinal distention due to paralytic ileus or intestinal obstruction of the 
mechanical tA^pe. It also has been used effectively for pharyngeal suction after 
applying an appropriate suction tip. We feel that it would be ideal for use in 
air evacuation on patients requiring continuous suction, due to the fact that it 
is so compact and efficient. This apparatus may be used to decompress several 
patients simultaneously by inserting T-tube connectors at the appropriate sites 
(see Fig. 1). 

The deAUce described is a modification of the suction apparatus described 
by Gius and Racely, and Ave acknoAAdedge the stimulation Avhich it proAuded in 
the construction of our machine. We feel that the pressure gauge and the 
shuttle pump are a decided improvement and thoAigh they add expense in con- 
struction, promote efficiency in operation. ’ 

The authors wish to express appreciation to Major J. M. Lynch, M.A.C., who arranged 
for the construction o£ the apparatus and to Harry E. Hill and Joseph P. Quinn who built 
the machine. Drawings of the apparatus were made by Joseph A. Burt. Photographs were 
made by Lieutenant Gala G. Hanison, Base Photographic Offleer. 



SPICULAR FOREIGN BODIES IN ESOPHAGUS 

Report op Three IJnusual Cases 

I. A. Bigger, M.D.,* Richmond, Va., E. B. Mewborne, M.D., 

Newport News, Va., and Porter P. Vinson, M.D.,^' Richmond, Va. 

E longated pointed foreign bodies, sueli as pins, needles, and bones, es- 
pecially fisb bones, are frequently encountered at the base of the tongue, in 
the tonsillar regions, and in the hj^popharynx but seldom in the esophagus. When 
meat, however, is attached to a fragment of bone, it often lodges in the esopha- 
gus. Unless a foreign body which is thought to be spicular in shape can be 
visualized when the entire pha'rynx is examined, the opinion may be expressed 
that the object has passed into the stomach and that the residual symptoms are 
emotional in origin. 

The exact location of a metallic foreign body can be determined by roent- 
genoscopie examination, but errors may occur in that a patient may think he 
has ingested a metallic foreign body when actually he has swallowed something 
that is nonopaque to roentgen rays. Fragments of bone that lodge in the esopha- 
gus are usually found just below the cricopharyngeal constrictor muscle and 
may be identified in a lateral roentgenogram. Bones are not demonstrable when 
roentgenograms are made with the patient in an anteroposterior position. Cal- 
' cification of laryngeal cartilages or of other structures in the cervical region 
may be mistaken for intraesophageal foreign bodies and frequently foreign 
bodies may be overlooked on roentgenoscopie examination. 

In the majority of eases of suspected foreign body in the esophagus, direct 
inspection should be made through an esophagoscope, for this is the most ac- 
curate and the safest method of diagnosis and treatment. Passing stomach tubes 
into the esophagus or advising a patient to eat corn bread or bread crusts in an 
effort to dislodge a foreign body are procedures that date back to an era less 
enlightened than our present day. Of course, there are neurotic persons who 
have many sensations that persist in the throat for months or years. These pa- 
tients should be treated kindly and sympathetically but usually should not be 
examined with an esophagoscope. However, when sj'^mptoms suggesting a for- 
eign body have been present for less than one week, esophagoscopic investigation 
, is usually indicated. 

When the presence of any t3'^pe of foreign body is suspected in the esopha- 
gus, a mixture containing barium should not be ingested to facilitate roentgen- 
oscopic study. Iodized oil is preferable for this purpose, since it will not obscure 
a foreign body nor will it interfere with immediate esophagoscopic examination. 

case reports 

Case 1. — An edentulous man, 50 years of age, was examined Nov. 20, 1942. Six years 
previously, while eating chicken, ho thought he swallowed a hone. Sj-mptoms persisted and 
two days later a physician passed a stomach tube, with apparent dislodgment of the foreign 
body. Six hours after passage of the tube, pain developed in the left side of the thorax and 
^ there was moderate elevation in temperature. Although the patient was not confined to bed, 
ho felt bad for at least one month. 

Recovery was then apparently complete for eighteen months, when fever again de- 
veloped and ho coughed up a moderate amount of blood and foul-tasting pus. Following this 
episode ho had continuous cough, which was usually nonproductive save for once or twice a 

Received for publicaUon. June 30, 1345. ‘ 
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month, when he expectorated a small amount of jms and blood for one or two days. Prior 
to evacuation of this secretion, he had mild elevation in temperature. Administration of 
sulfonamide drugs seemed to hasten recovery from these exacerbations. 

For one year or more previous to our examination, the patient had noted painful swollen 
joints, and this symptom nas intensified during the periods of fever. Wiien. the accumulated 
secretion in the bronchi drained, he felt better in every way. Repeated rocntgcnoscopic and 
physical examinations of the thorax had not revealed a significant lesion (Fig. 1). The first 
bronchoscopic study of the patient disclosed nothing abnormal. 

During the next two years the patient was examined repeatedly, and on six occasion.s 
bronchoscopic investigation was performed. At five of these examinations a small amount of 
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pus was found in tlie left main bronclius, and twice a tiny bit of blood was encountered, but 
no definite lesion was seen. 

Sept. 21, 1944, when the patient retuined foi fuither .«tudy, he had had a more pro- 
longed period of fever than usual, with expectoration of a larger amount of pus and blood 
than previously. A roentgenogram made at this time revealed an area of infiltration at the 
periphery of the left lung, w'ith a small ca%’ity partly filled with fluid (Fig. 2). 



FIS'. 3 (Case 1). — Iodized oil showing filling of cavity. 


ETR-C 1! 

1 , 2 

j 1 

■’’TTmii 

TTirr 



Fig. 4 (Case 1) — Spicule of bone removed surgically from left lung. 

Bronchoscopic study then retealed pus and blood coming from the inferior dnisioii of 
*** hpper lobe of the left lung. Iodized oil was injected into (his bronchial 

itision, and a roentgenogram showed filling of the catitj- (Fig. 3). Surgical drainage of the 
cavitj was recommended, and at the time of operation a spicule of bone was found within 
(ho ca\i(y and was reniored (Fig. 4). Tlie patient recorcrcd completely and has remained well. 

^ Casi, 2. A woman, 07 jcars of age, was admitted to Riverside Hospital, Newport New.s, 
An., Sept, 7, 1944. Her chief complaint was severe lower substernnl pain that had begun fi\e 
days preriously while she was eating an ordinary meal. The on-set of pain was not associated 
wilh the sensation that .a foreign body had been swallnweil. The pain persisted and was 
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followed by elevation in temperature to 102° F. Just prior to being admitted to the hospital, 
she vomited a large blood clot. 

Occlusion of one of the coronary arteries was suspected, but an electrocardiogram showed 
normal tracings. General physical examination revealed nothing significant pathologically, 
save that many teeth wore absent and that the twelve that remained were loose and infected. 
Various laboratory studies showed normal findings, with a leucocyte count of 12,000. Twenty- 
four hours after admission, the patient suddenly died. 

Post-mortem examination revealed a straight fish bone one inch in length which had per- 
forated the wall of the upper portion of the esophagus and had entered tho aorta, with fatal 
hemorrhage into the gastrointestinal tract (Fig. 5). On questioning her relatives after the 
bone was found, it was ascertained that at the onset of her illness the patient was not eating 
food that contained bones and that she had not eaten fish within ono week of the beginning 
of her difficulty. 



Fig. 5 (Case 2). — Fish bone, one inch in length, found at autopsy to have perforated the 

esopliagus and aorta. 

Case 3. — A woman, 35 years of age, was examined March 7, 1945. She said that she 
had been well until December, 1943, when she had begim to lose a little weight. She had not 
consulted a physician until May, 1944, when nothing was found on physical examination to 
explain the loss of weight and she was merely advised to give up her work and take a pro- 
longed vacation. She stopped working June 30, 1944. Three days later, July 3, 1944, while 
eating a piece of chicken, a pain suddenly developed in the right side of her throat. She 
was unable to swallow saliva without intensification of the discomfort and she had pain m 
the right shoulder and fever. These symptoms gradually subsided, and after ten days she 
was able to swallow solid food without a feeling of obstruction but with continued associated 
pain. I 

One month later she had a coughing spell, with evacuation of a moderate amount of 
foul-smelling bad-tasting pus and blood. These episodes of drainage occurred several times, 
and after each evacuation of pus and blood, she remained free of symptoms for several weeks. 
She had irregular elevation of temperature, depending on the adequacy or inadequacy of dram- 
age from the lung. Roentgenograms revealed an area of density in the apical area^ of the 
right lung. Treatment consisted of administration of penicillin for two weeks during the 
latter part of August and the first part of September, 1944. 

The patient’s normal weight of 138 pounds had dropped to 110 during the acute illness, 
but at the time of our examination it was 143 pounds. The only significant findings at e 
time of our general physical examination of the patient were a partial upper dental p a e 
and evidence of an impaired percussion note at the apex of the right lung anteriorly. Fur 
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roontgono'-copic studips rc\cilpd ti defect or the iiglit wall of the ujipci poition of the 
O'-opliiigiis, winch probnblj- represented the exit of the bone fioin the esopliagus (Fig. C). In 
line with this defect, presunuibli, in the tissue of the right lung, w.-is an elongated shadow, 
which was apparenth a bone (Fig. 7). 

The prcMon-h mentioned a.rca was explored surgically without recovering the bone, but 
a siii.dl caMty coniiiniiiicating with a bronchus was encountered and drained. If symptoms 
nviir. an effort will be made to rcmoie the foreign body with a bronchoscope. At this writ- 
ing. the patient loohs .,nd feels well and the thoracotomy js healing .sati“fnctoril\. 


THE SUEGICAL PROBLEM OP CANCER IN LYjVHPH NODES 


E\terett D. Sugarbaker, M.D., Columbia, Mo. 

(From the Department of Surgery of the Ellis Fischel State Cancer Sospital) 

O P THE two routes of wide cancer dissemination, lymphatic and hematog- 
enous, the lymphatic is clinically the more important. Cancer cells, 
because of their invasive tendency, break into capillary lymphatic channels and 
may grow along them for varj-ing distances. Such l 3 Tnphatic permeation prob- 
ably takes place to some extent in all tumors ivhieh metastasize by waj^ of these 
vessels. Retrograde extension from a seeondarj’’ focus, such as a Ijunph node, 
maj^ take place in like manner. 

Junction of forward permeating cells from a primarj*' tumor and of back- 
ward extending cells from an involved node area may occasionally take place in 
cases of marked advancement. Initial node uivolvement by progressive permea- 
tion from a primary site of disease to a normally distant node group must be a 
very rare incident. The onlj'- possible means of surgicallj" coping with such 
situations is by uninternipted excision in continuity of both the primarj" tumor 
and its draining node area. The prognosis in cases really requiring such,exten- 
' sive procedures will be extremely poor. 

The more usual means of spread, however, once lymphatic invasion about a 
primary tumor has occurred, is by a breaking-off process of fragments of. the 
tumor which then become lymphatic emboli. How long an interval is required 
for such emboli to travel from primary lesion to node is a matter for conjecture. 
Considerable variation probably exists. If India ink (particulate carbon) is 
introduced within lymphatics it may be found in the nodes seconds later.^* On 
the other hand, melanotic nodules maj' subsequently make their appearance in 
the lymphatics of an extremitj’^ in which two weelvs or more have been permitted 
to elapse between primary excision and node dissection (Fig. 1) . The size of 
the particle, cell, or cell cluster, as well as the velocity of the lymph stream, very 
likely has considerable influence on the speed with which the lymphatics are 
traversed and these clusters, if lai-ge enough, may therefore become arrested 
along their course. The afferent lymphatics enter the cortical sinus of a node 
where microscopic tumor emboli then first appear. 

The old hypothesis that the hyperplastic changes in lymph nodes draining 
an area in which a tumor resides represent a reaction against metastases similar 
to that presented against bacterial toxins finds no substantiation. Lymph nodes 
appear to offer fertile soil to metastatic tumor growth and, when involved, render 
the prognosis distinctly worse than when involvement is not present. On the 
other hand, the nodes do act as interrupters in the dissemination process and it 
can be conceded that "without them Ijunphatic invasion would add but another 
brief step to hematogenous spread. 

This function of the regional Ijnnph nodes is now generally recognized. 
Clinical demonstration of node involvement, it is unanimously agreed, should be 
dealt with by en bloc removal of the node groups apart from certain contrain- 
dications to be considered later. Considerable controversy exists regarding the 
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proper method of dealing Avith draining node areas in which there is no clinically 
demonstrable metastatic disease. Some prefer to adopt a policy of watchful 
waiting, rel3dng on careful follow-up to dictate' subsequent procedure, carrying 
out node dissection only if or when disease appears in these structures. Pro- 
ponents of this policy argue that needless, dissections, are thereby avoided, the 
chief importance of which lies in the fact that these operations carry a var5dng 
but definite operative mortalitjL .Opposed to tliis group are others who contend 
that prophylactic dissection should be carried out whenever one is dealing with 
a tumor of knovm metastasizing potentialities, although there is little agreement 
among them as to what extremes such action should be carried. It might be well 
to digress at this point in order- to establish definitions. 



melanoma oC skin of dorsum of foot, excised elsewhere three years 
were "odules were noted along the leg and thigh (circled). These 

combined excision of a wide strip of skin between the primary site 
and Inguinal region and radical groin dissection. 


Therapeutic dissection is generally intended to convey the idea that the size 
and character of the nodes have led to a preoperative supposition of clinical in- 
volvement. Prophjdactic dissection implies that the nodes are suspected of con- 
fining disease despite the absence of physical signs indicating involvement. 
Since the distinguishing signs are entirely clinical, it is apparent that in both 
instances crroi-s in diagnosis wiU occur which in percentage figures will varj' 
not oifiy Avith the tj-pe of tumor under consideration, but also with the skill and 
experience of the examiner. It is hardly possible to evaluate such a factor but 
its presence sliould be remembered. The proponents of prophj-lactic dissections 
argno tliat careful follow-np is subject to manj' uncertainties and quite cor- 
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rectly "insist that the treatment o£ cancer in lymph nodes, as elsewliere, offers 
tlie best results -when carried out as earlj" as possible. 

It is the purpose of this paper to examine the problem of node treatment 
from its several aspects in an attempt to determine how such treatment may be 
developed to maximum advantage. 

NODE incidence ; F.VCTORS REEATINO CHIEFLY TO THE FRIJIARY TUMOR 

There is a well-recognized and wide variation in the frequencj" with which 
different tumoi's metastasize to lymph nodes (Table I). These variations are 


Table I. Node IncidekCe in Some of the Coji.moner Tu.mous 


TUMOn 

PKK CKN'T 

Ciircinomu, intrin.>=ic larynxis 

10 

Carcinoma, skinis 

12 to I 0 '' 

Carcinoma, penis's 

2.'> 

Carcinoma, lipis 

31 

Carcinoma, lower gingivas 


Carcinoma, buccal mucosa^ 

40 

Carcinoma, wilva’o 

40 

Carcinoma, tongue and floor of moutli'J. 

ti.'! 

Mclanomaj skim 

Ct 

"Carcinoma, rectum*s 

6S 

Carcinoma, colon*i 

70 

Carcinoma, extrin«ie larynxi® 

70 

Carcinoma, stomach *' 2 

7o 

Carcinoma, breast**!! 

7o 

Carcinoma, tonsiln 

77 

Carcinoma, nasopharynx!® 

so 


•Only cases in which operation was done. 


dependent on a number of factors which are partly anatomic and partly inhercnl 
in the primary tumor. Different sites of primary involvement appear to present 
varying degrees of resistance to local spread, and quantitative differences in 
the lymphatic system of the part alter the accessibility of invading cells to the 
node channels. Carcinomas of the intrinsic and extrinsic larynx often exemplify 
this quite well. Extension of a primary tumor from its original site to involve 
adjacent structures having their own Ijunphatic network will also exert definite 
influence. IMorphologic differences of tumors of the same part are well-known 
factors, that is to say, whether the tumor is of adenoid or epidermal origin. 
This is particularly true of the carcinomas of the hard palate. Within tliese 
separate groups there also reside differences concerned with the degree of 
anaplasia of the tumor. Manj' of the reasons for the peculiarly varied manifesta- 
tions of these groups and subgroups are not well understood and must await 
further enlightenment, but the differences are nonetheless present. In certain 
groups of tumors, activity inherent in grading folloivs rather consistently. 
Epidermal tumors are good examples. In otliers inconsistencies occur so com- 
monly as to render any rule unworkable (notablj'^ adenocarcinomas of the breast) . 
Other factors include the size of the lesion, whether the tumor is primary or 
recurrent, the nature of previous treatment, and the duration of sjmiptoms. 

Another consideration not discussed in the literature but which seems to 
be pertinent to the present problem relates to quantitative node involvement ni 
dissection specimens from the various tumors and the relative frequency 'vdtb. 
which widespread metastases occur (Table II). It .should certainl}^ seem reason- 
able that if a tumor of a given description metastasizes with considerable 
regularity to only one or twO' nodes, remains confined there after all clinical 
doubt as to its presen6e has been dispelled, and very rarely kills by reason of 
more widespread dissemination, then such a tumor might as well be treated bj 
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Table II. The Extent of Node Involvement in Positive Dissection Specimens 


SITE OF PRIilARY INVOLVEMENT 

NUMBER OF 
CASES 

AVERAGE 

NUMBER 

NODES 

INVOLVED 

PER CENT WITH 
MORE THAN 
ONE INVOEVEO 
NODE 

Epidermoid carcinoma of skin 

19 

1.9 

35 

Carcinoma, penis, vulva, anus; bilateral 
dissections 

6 

1.8 (?) 

50 (?) 

Oral cavity (tongue, floor of mouth, buccal 
mucosa) 

15 

2.3 

47 

Carcinoma of lip 

34 

2.7 

53 

Melanoma of skin 

22 

2.6 

60 

Carcinoma of colon and rectum 

33 

3.3 

60 

Carcinoma of breast 

100 

6.1 

79 


a dissection done therapeutically as prophylactically. Conversely, when a tumor 
regularl3’' metastasizes to local nodes before its presence becomes clinieall.v aji- 
preciable, is found to involve numerous nodes of specimens examined, and nol 
infrequently brings about death by distant spread, such, a dissection must be 
carried out prophylacticallj'' if it is to be of any use at all. In fact, moi-c 
prophylactic and fewer therapeutic dissections in such situations would in all 
likelihood save the most lives. More ivill be said of this later. It is not implied 
that such an appraisal can alwaj's be accurately made. Exceptions will occur 
but many tumors fortunatel.y follow a fairly set pattern and if an atleuipt is 
made to understand this their behavior may be predicted "with considerable ac- 
curacj’-. It thus becomes apparent that the problem is concerned not onl.v with 
how frequently regional nodes are involved but also with how rapidly the disease 
is apt to spread beyond the limits of the removable chain. 


node REMOVAL: SURGICAL CONSIDERATIONS 

In many, instances the anatomj'- may be so adaptable that removal of the 
primary tumor with the regional nodes becomes little more of a task than re- 
moval of the prunary alone. This is true of the stomach, bowel, lung, etc. 
onsequently, in these there can be no question as to whether or not prophylactic 
issection should be carried out, regardless of 'considerations such as the in- 
ci ence of node involvement or the inaccessibility of the regional nodes to sub- 
sequent examination. 


^ closelj’" analogous situation is presented in carcinoma of the breast, 
gnonng for a moment other highly important factors, simple mastectomy with 
su sequent decision as to axillary dissection might well enter into the discussion 
Mere it not for the anatomic fact that clean dissection from the costoclavicular 
igament to the latissimus dorsi muscle, bearing in mind the tymphatic drainage 
of the breast, necessitates removal of the pectoral muscles, all of which maj' be 
pel oimed better and more efficienth’^ on initial exposure bj' waj’’ of radical 
mastectomj'. The question of node dissection, therefore, pertains niainlj’’ to those 
liimois in which the primarv and node area are best treated separatcl.v either at 
one sitting or in .stages. (Table III.) 

CoiLsideration must be given to the relative satisfactoriness of the several 
ma.ioi dissections — ceiwical, axillaiy, and inguinal — based on the anatomy 
peculiar to each. The neck in general lends itself ver.v well to node dissection. 

the jugular vein and sternomastoid nnisele are removed one finds the node.s 
encased in well-defined surrounding structure. In addition, a considerable lengtli 
of di.stal Ijmiphatic ehain is romovalile since the clinical involvement is usually 
present in the submaxillaiy or suhdiga.slric node areas. Axilla I'j- di.ssections done 
primarilv for malignant tumors of the skin (not bmu-t cancer) with tymphatic 
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Table III. Eeason for Node Dissections With Eefeeenoe to the Primary Site in 100 

Patients 


PRIMARY SITE 

NUMBER OF PATIENTS 

• NODES POSITIVE 

Melanoma, skin 

34 ■ 

24 

Carcinoma, lip 

44 

35 

Carcinoma, skin 

25 

20 

Carcinoma, lower gingiva 

12 

1 

Carcinoma, buccal mucosa 

10 

6 

Carcinoma, tongue 

7 

5 

Carcinoma, penis 

6 

o 

Carcinoma, vulva 

4 

2 

Carcinoma, anns 

4 

1 

Carcinoma, miscellaneous 

15 

12 

Total 

161 

10.8 (67%) 


drainage to that node area, although less satisfactory than cervical dissections, 
nevertheless can be done Avith considerable satisfaction providing the arm is 
placed in a position to relax the pectoralis major and tlie scapular attachment of 
the pectoralis minor is divided. Radical groin dissection, however, is a rather 
unsatisfactory procedure from the standpoint of cancer surgery and the margin 
of safety is therefore narrower when involvement is present. The inguinal and 
femoral node groups may easily be removed with a protecting zone of tissue but 
the obturator and iliac nodes lie encased in a variable amount of friable fat 
and poorly defined areolar tissue. It w'ould, therefore, seem reasonable to per- 
form groin dissection with less weight of indication than might be considered 
necessary for the performance of neck dissection. The relative effectiveness of 
axillary and groin dissections is undoubtedly one of the factors involved in the 
poorer end results obtained in melanomas and sldn cancers involving the lower 
extremity as compared to those involving the upper extremity or face and neck. 
A similar factor is probably operative in determining the poorer prognosis of 
carcinoma of the stomach as compared to carcinoma of the colon since the para- 
gastric nodes are not anywhere near so neatly accessible as those draining the 
colon. 

Not infrequently it happens that additional information gained in treating 
the primary tumor renders the prognosis so much poorer than was originally 
calculated that further treatment seems futile. Follomng a Miles resection for 
a carcinoma of the anus, for example, a pathologic report of extensive hemor- 
rhoidal node involvement, as well as nerve and blood vessel invasion, would be 
sufficient emdence to discourage doing bilateral radical dissections on groins 
which appeared to be clinically uninvolved. Similarly, a neck dissection could 
■ hardly be expected to improve results in a cancer of the oral cavity -which had 
stubbornly shown no inclination to yield to treatment. One might continue along 
this vein in the presentation of other factors wdiich, however, pertain more to 
specific tumors or instances. 

So far, no mention has been made of “routine prophylactic dissection,” al- 
though tliis term is frequently encountered in the literature. It need hardly 
be stated that no one treating any considerable number of patients of the cancer 
age group -will be able to perform node dissection routinely. The mortality m 
node dissections is not high, probably in the neighborhood of 5 per cent when 

Table IV. Regional Node Dissections Accomplished as Separate Procedures 

region NUMBER PQ.STOPER ATIYE DEATO S 

Neck (subtotal and total)* 

Axilla 
Groin 


124 

17 

48 


10 

0 

0 


^Combined mandibular resection done in thirty patients. 
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appraising the entire heterogeneous group (Table IV). When applied to a cer- 
tain poor-i'isk subgroup, however, it will become prohibitive. This must be borne 
in mind when comparative end result figures are stated to show the advantage 
of prophylactic dissection, for in choosing such a group a selection of patients 
more likely to survive a five-year period is automatically made. 

To date, there appears to be little convincing factual evidence presented 
either for or against these prophjdaetie pi'oeedures. There can be little argu- 
ment that cancer in Ijnnph nodes is best treated while still in its subelinical 
stage. It is also true that onlj’^ harm in needless operative mortality will re- 
sult from opei’ation in any group of patients whose nodes have repeatedly been 
demonstrated to be negative. The suspicion of metastatic nodal disease cannot 
be based on possibilities, for with cancer anything is possible ; it must be founded 
on presumptive evidence. The quixotic attitude of radical advocates of pro- 
phylactic dissections ■null discredit such operations. Adopting the two pre- 
viously mentioned principles, it then is no longer a question of whether one does 
or does not subscribe to prophylactic dissections for tumors of a certain organ 
or structure ; rather, it becomes a matter of deciding which patient will require 
such a procedure. That decision can be arrived at only when all of the available 
facts pertaining to the individual ease are known and weighed in understand- 
ing of the life history of the particular kind of tumor present and of its therapeu- 
tic setting. It is conceded that all such evaluations will not subsequently be 
proved correct, yet no surgeon today would advocate routine gastric resection 
for all cases of peptic ulcer, although it is conceded that fatal hemorrhages and 
fatal peiTorations will, with conservative management, occur occasionally in the 
hands of the most experienced clinician. The exception cannot establish the 
rule. 

Certain definite contraindications to separate node dissection, either pro- 
phylactic or therapeutic, will readily be accepted as absolute and should require 
no further discussion-. 

(1) an uncontrolled or uncontrollable primary tumor; (2) distant metas- 
tases; (3) extremely poor general condition. 

Three additional and frequently mentioned contraindications to node dis- 
section must be considered relative rather than absolute: (1) perforation of the 
node capsule by disease as evidence by fixation or demonstrable invasion of ad- 
jacent structures such as skin or bone; (2) bilateral or contralateral node in- 
volvement; (3) highly undifferentiated tumors. 

Exceptions to the first of the relative contraindications should include in- 
stances in which the disease has been of a low grade of malignancy and has 
shown a disposition to progress only locally in nodes which are still amenable 
to wide surgical removal. Carcinoma metastatic from the lip to the submaxillary 
nodes wliich may invade the mandible and skin provides an e.xceUent example 
(Fig. 2). Under such or similar circumstances it has been the policy at this 
hospital to remove an}- involved structures which are not definitely vital to the 
patient. 

simple to outline exceptions to the second mentioned relative contra- 
indication. In general, this one will stand when an evaluation of all factors con- 
cerned points to a very aggressive form of disease. Factors such as a less than 
highlj- differentiated (grade II tg IV) primai-j’ tumor in a nonnally unfavorable 
•site and/or disease present bilaterally simultaneously with a .short histon* are e.x- 
emplary. Under such circumstances there seems little doubt but that the verj- 
occasional cured lesion would be man 3 ' times outweighed In- the operativeunortal- 
it.v. Espcciallj- would this be true of bilateral neck dissection with bilateral 




Fig. 2. — Carcinoma metastatic to the left submaxillary lymph nodes (primary tumor of 
lip treated elsewhere) with ulceration through the skin and invasion of the mandible ; trsai- 
ment was combined jaw resection-neck dissection. Later contralateral metastases developea , 
treatment was supra-omohyoid neck dissection, 

■ Highly undifferentiated tumors to which belong the majority of the car- 
cinomas of the nasopharjuix, base of the tongue, pharynx, extrinsic larynx, etc., 
are primarily radiotherapeutic problems because of their general radiosensitivity- 
In addition, metastases when they occur tend to be widespread. However, oc- 
casionally one of these is encountered in which the primary tumor has eompletel.v 
disappeared under treatment but the nodes have not. In the absence of any 




m 
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I'-lp. 3— Advanced carcinoma of the lower lip dxed to the mandible ^nd metastatic to 
snbmaxillarj,- and Fiibmcntal node areas bllaterallj-. Treated by block resectiem of lip and 
inandtble with bilateral svipruomoliyoid neck dissection and showintr subsequent reconstruction. 


\isiuilly been followed by po.st operative x-i‘ay. Six of the.kc remained ttell ttilli- 
out return of disease for five or more years. Altlioug'li the number so treated 
was small, the results in that sroup were more eneoura',ling than those derived 
from any other form of trealmenl. It is probable that piitienl.s under 30 years 
of age, in whom the di.soase is usually very active, and those witii di.sea.se in more 
than one node areji, regardless of age, should be rejected for node dissection in 
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lymphosarcoma. Similarly favorable results from surgery in this condition have 
since been reported by Gall.'^ 

Practicality does not here pei'init a discussion of the problem as it separately 
relates to several of the individual tumor groups nor would this be possible since 
comparable figures are rarely available. It might be well to consider them, how- 
ever, as they pertain to one group in -which reliable data is present and over 
which considerable controversy has arisen — carcinoma of the lip. 

Arguments proposing prophylactic dissection in cancer of the lip : 

1. Eleven to twelve per cent of patients with clinically negative 
nodes have disease contained in them. 

2. The economy of doing needless dissections cannot be computed 
against the life of those who sunuve only because they have had dis- 
sections done. 

3. The operative mortality for upper neck dissections should not 
be more than'l to 2 per cent., 

4. ' Some patients will fail in their follow-up and wll therefore lose 
their chance for cure. 

5. Of patients prophylactieally dissected and ha-tung pathologically 
positive nodes, 42 per cent® survive five yeai-s. 

Arguments opposmg prophylactic dissection in cancer of the lip : 

1. About 11 to 12 per cent^^ of patients with negative nodes on 
admission will develop them later. 

2. Therefore, approxiraatety nine out of ten neck dissections will 
be done needlessly. 

3. The operative mortality from clinics treating large numbers of 
patients has varied in upper neck dissections from 0.42 per cent® to 6.9 
per cent.® This will undoubtedly be somewhat higher in the hands of 
surgeons doing only an occasional operation. 

4. With good organization, a follow-up of 95 per cent^® may be 
attained and needed dissections may then be done as soon as nodes 
develop. 

5. Thirtj^-seven per cent of patients having dissections done for 
nodes developing during follow-up survived five years.®® 

In consequence it would seem proper to review several factors known to 
influence the incidence of node metastasis in carcinoma of the lip. 

1. Whether the lesion has been previously treated. Figi® found 
positive nodes in only 4.5 per cent of all “primarily” treated patients 
whereas tliey were present in 17 per cent of aU patients whose lesions 
were “secondarily” treated. 

2. The grade of the primary. Ta3dor and Nathanson®® recorded a 
node incidence of 6 per cent in Grade I lesions, 30 per cent in Grade II, 
and 52 per cent in Grade III. Figi® found no metastases in any 
Grade I “primarily” treated case. 

3. The size of the primary. Martin and associates®® in a large 
series of eases hare stressed this and reported a rising incidence with 
increasing size of the lesions in patients iv'hose nodes were negative on 
admission from 3 per cent with lesions until 1 cm., to 10 per cent with 
lesions 1.0 to 1.9 cm., to 13 per cent with lesions 2.0 to 2.9 cm., to 26 
per cent with lesions over 3 cm. in diameter. 
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It therefore appears reasonable, in carcinoma of -the lip, to direct the effort . 
of prophylactic removal for occnlt cancer only to those patients in Avhom suf- 
ficient indication exists, for only by this means Avill the number of operative 
deaths be reduced in patients AA'hose nodes are later found to be uninvolved. 

Attention should be called to the wide difference in five-j’-ear end results 
existing between patients Avith lip cancer Avho present nodes on admission (24 
per cent, Martin and associates^®) and those Avho develop them later (37 per 
cent, Martin and associates^®) or are found to have them on prophylactic dis- 
section (39 to 42 per cent, Figi,® Echert and Petry®). AlloAving for a small 
number of patients Avith nodes Avho present hopelessly advanced disease at the 
time of admission, this amounts to about 15 per cent. The greater aggressiveness 
of the disease or late arrival of the patients for treatment is the logical explana- 
tion for this difference in survival but more important are the therapeutic 
implications since suprahyoid or supraomohyoid neck dissections are quite 
generally considered to be adequate treatment for cervical metast'ases from 
lip carcinoma. We have A'^eiy carefully examined thirty consecutive dis- 
section specimens in sixteen of Avhich nodes were clinically positive on ad- 
mission and in fourteen of Avhich they Avere clinically negative but Avere 
fovmd either on prophylactic dissection or had developed during follow- 
up. In the sixteen eases (nodes posithm on admission) the average num- 
ber of nodes involved Avas 3 . 4 , and nine had more than 2 nodes involved. 
Among the fourteen cases (nodes negative on admission) the average number 
of nodes involved was 1.3 and in no ease were more than 2 nodes involved. We 
have made a similar study in melanoma often clearing the specimens in order 
that the greatest possible number of nodes might be found and sectioning each 
node. Parenthetically it should be said that no attempt is being made to draw 
any general comparison betAveen cancer of the lip and melanoma. It should be 
pointed out, hoAvever, that Avhereas no surgeon would do less than the most 
radical node dissection either prophylaetically or therapeutically for melanoma, 
the quantitative node involvement per specimen was less than in the sixteen 
patients with lip cancer whose nodes were present on admission. Of thirteen 
conseeutiA'e dissection specimens in Avhich at least one positive node was found, 
the average number of nodes involved was 2 . 8 . Such a high quantitative node 
involvement in lip cancer in Avhich the nodes are already present on admission 
and particularly Avhen they are confined to one side of the neck should probably 
be met by radical neck dissection reserAung the less radical procedures for 
prophylactic or later therapeutic dissection in Avhich such procedures seem to 
be safe. 

In the surgery of cancer there are, in general, tAvo major problems Avhicli 
frequently demand careful consideration: first, the degree of radicalness re- 
quired bj’- the tumor and second, the degree of radicalness AAdiich the patient 
Avill Avithstand. Overestimation of the first and underestimation of the second 
AviU result in too liigh a percentage of postoperatiA’e fatalities. The conA'erse 
Avill result in too Ioav a percentage of cured cases. Adequate attention is usuallj' 
paid to careful estimation of the patient, but experience gained at a tumor 
clinic from referred cases teaches that more empliasis should be placed on an 
estimation of his tumor, particularly as it pertains to the node status, and no 
decision as to the extent of the procedure I’equired should be reached until ererA* 
means of determining that status has been dealt Avith short of interfering Avith 
the execution of Avhatevcr procedures may be contemplated. 

The declaration as to Avhether a dissection is being done prophylaetically 
or tlierapcutically is based entirely on clinical findings. The correctness of the 
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orijiilial assumption is clclermined only when the specimen is carefully examined 
in tlic laboratory. Tliat tliis assumption is frequently proved to be incorrect 
in the prophylatically dissected group has been amply illustrated.’ Neither is it 
unusual to dissect lor what are taken to be involved nodes only to find that 
hyperplasia alone is present. This is particularly apt to occur when the primary 
tumor is badly infected. In the interests of more precise evaluation and more 
balanced treatment, such mistakes in diagnosis should be eliminated in so far as 
is possible. The employment of aspiration biopsy for suspected nodes mil be of 
great aid in problems of sueli therapeutic importance. There is little need to 
elaborate further in this regai'd except to state that the material obtained from 
metastatic lymph nodes by this simple procedure, if similarly treated, is'no more 
difficult to interpret mieroscoj^ically than that obtained by incisional biopsy 
and is equally reliable since negative material by whatever means obtained, 
either by incision or aspiration, may be meaningless. The arguments pro- 
pounded again.st this procedure ai'c reminiscent of those formerly voiced against 
the biop.sy of surface Ic.sions and are equally theoretical. In our experience 
aspiration biopsy of suspected lym])h nodes has been a valuable clinical aid and 
in the absence of unfortunate sequelae places the burden of proof of theoretical 
concepts directly on critics of the pi-oeedure. 

SUMMARY 

1. The role of the lymphatic vessels and nodes in cancer dissemination is 
briefly discussed. 

. 2. It appears remarkable that prevailing opinions regarding the treatment 
of occult cancer in lymph nodes should remain so divergent. 

3. In an attempt to shed some light on the question the factors relating to 
the incidence of node metastases and to node removal are reviewed. 

4. The arguments for and against pi'ophylactic node dissection are exam- 
ined as they pertain to carcinoma of the lip, since comparable and reliable figures 
are at present available for this group alone. 

5. When the I’csults of each method of treatment are examined, it is found 
that the anticipated greater survival among those prophylaetically dissected 
and having involved nodes (as compared to those dissected after the nodes have 
been permitted to become clinically apparent) is overbalanced by a greater 
number of operative deaths most of which occurred in patients whose nodes were 
found on pathologic study to be uninvolved. 

6. Such unnecessary deaths can largely be eliminated by more careful at- 
tention to factors predisposing to node metastases reserving dissection for those 
in whom such factoi's are prominent. 

7. It is further* suggested that patients having carcinoma of the lip and ar- 
riving for treatment witli nodes already present in the neck be given the benefit 
of total neck dissection whenever possible since on specimen study they are 
found to have appimimately three times as many involved nodes as those who 
develop the nodes after the primary tumor has been treated or are found to have 
involved nodes on prophylactic dissection. It is felt that upper neck dissections 
have largely contributed to the poorer prognosis of the first mentioned group and 
should be reserved for patients who are prophylaetically dissected or whose nodes 
develop while under close observation. 

8. The employment of aspiration biopsy mil he of great diagnostic aid m 
making such distinctions. 
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EFFECT OF TOTAL THYROIDECTOMY ON EXPERLMENTAL 
PRODUCTION OP PEPTIC ULCER 
Patrick P. T. Wu, M.D., M.S., Ph.D., Hongkong, China 

(From the Division of Surgery, The Li Clinic) 

JIONG the generally accepted factors in the etiologj^ of peptic ulcer, two 
4 X stand out in bold relief, namel.v, Jiyiieracidity and nervous ten.sion. 

Heretofore most of the regimens that have been devised for the treatment 
of peptic ulcer have been based principallj'- on control of aciditj’- of the gastric 
secretion. Regarding surgical treatment, gastroiejunostoniy was once the pro- 
cedure of ehoiee. Later, pyloroplastj-^ occupied that position and this in turn 
has been succeeded by partial gastrectomy. The fact remains that the ideal 
method of management is not as yet at hand. How can one escape the feeling 
that the sacrifice of the greater part of a normal stomach is a verj' high price 
to pay for the cure of an ulcer of small dimensions? 

The practice of phy.sicians of securing sedation of patients suffering from 
peptic ulcer by the use of various drugs repi'escnts an attempt to control the 
■second ctiologic factor, that is. nervous tension. Unfortunately, only too often 

Dcp.nrtnicnt of S«rpfr>-, Peipinp Union Medical CoUetf, 
R<cel\e,i for publication. May 11. ini.'i. 
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the nervous mechanism of such patients fails to slow down appreciably. Is 
there anything else that one could do to curtail some of that drive which is so 
characteristically abundant? 

As lethargy is a striking feature in myxedema, total thyroidectomy sug- 
gests itself as a means of swinging the pendulum in that direction. "Will such 
a surgical procedure have the desired effect on peptic ulcer? This experi- 
mental study was undertaken to answer precisel}" that question. 

JIATERULS AKD METHODS OF STUDY 

A series of five experiments was performed. Healthy adult dogs were used. 
They were maintained on a standard kennel diet except for the firet three days 
follomng surgical duodenal drainage when a 5 per cent solution of dextrose in 
physiologic saline solution was administered by the intravenous route. All 
the operations were performed with the animals under ether anesthesia and 
vdth aseptic teclmique. Body weights were obtained at intervals of about two 
weeks following total thyroidectomy and every three days to one week after 
the performance of the Mann and AVilliamson^ operation. 

The total thyroidectomy was cai-ried out through a midline incision in the 
neck. Great care was exercised in searching for the superior parathyroid 
glands and leaving them in situ vdth an intact blood supply. No attempt was 
made to preserve the inferior parathyroid glands. 

Mann and Williamson’s surgical procedure was used to produce peptic 
ulcer. The jejunum was divided 10 to 15 cm. beyond the ligament of Treitz. 
The proximal end was anastomosed obliquely to the side of the ileum about 
60 cm. above the ileocecal junction. The pylorus was divided and the duo- 
denal stump was closed and inverted. The continuity of the gastrointestinal 
tract was restored by an end-to-end anastomosis between the stomach and the 
distal end of the divided jejunum. All the anastomoses were made by means 
of an inner row of a continuous suture of plain No. 1 catgut for the mucosa 
and an outer row of interrupted fine silk sutures for the seromuscular layers. 

RESULTS 

The effects of total thyroidectomy in this series of experiments were con- 
sistently the same. All the dogs lost an appreciable amount of their original 
vigor," suggesting the presence of varying degrees of lethargy. Their hair 
became coarse, brittle, and sparse and their skin dry and thickened. The com- 
posite picture seemed to provide an experimental counterpart of myxedema as 
seen in man. 

The most striking sequel of total thyroidectomy was an increase of body 
Aveight varying from 1.1 to 6.5 kg. (Fig. 1). The increments represented 8, 21, 
22, 33, and 37 per cent of the original body Aveights of the five dogs. For 
example, one dog Aveighing 17.5 kg. at the time of operation gained as much as 
6.5 kg. over a period of seventy-four days (Table I). 

Tabia: I. Actual and Percentage Gain op Body Weight After Total Thyroidectomy 




GAIN OF 

BODY AVEIGHT 

INITIAL ATCIGHT 

MAXIMAL AVEIGHT ! 

ABSOLUTE 

I PER CENT OF 

(EG.) 

(kg.) i 

(KG.) 

I INITIAL AVEIGHT 

17.5 

24.0 

6.5 

37 

13.2 

14.3 

1.1 

S 

12.0 

14.5 

2.5 

21 

10.5 

14.0 

3.5 

33 

10.0 

12.2 

2.2 

22 
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Table II. Actual and Percentage Loss of Body Weight After Surgical 

Duodenal Drainage 


EXPERI- 

MENT 

I 

I MAXIMAL 

weight 

1 (kg.) 

TERMINAL 

WEIGHT 

1 (KG.) 

1 LOSS OF BODY WEIGHT 

ABSOLUTE 1 
(KG.) ! 

1 PER CENT OP 1 
MAXIMAL ' 
1 WEIGHT 

PER CENT 

OF INITIAL 
WEIGHT 

I 

24.0 

10.7 

13.3 

55 

76 

II 

14.3 

8.3 

5.5 

38 

42 

III 

14.5 

8.7 

5.8 

40 

48 

IV 

14.0 

7.6 

6.4 

46 

61 

V 

12.2 

6.8 

5.4 

44 

54 


The dogs were observed for forty-nine, sixty-one, sixty-one, seventy-three, 
and seventy-four days before the Mann and 'Williamson operation was per- 
formed. At the time of exploration, a peptic ulcer had not developed in 
any case. 

Following the institution of surgical duodenal drainage, the body weight 
declined rapidly in each case (Fig. 1). On the basis of the maximal body 



Pie. 1. Changes of boCy Tveight after total thyroiaectomy anfl after surgical duodenal drainage. 


weight before this operation, the losses were 5.5, 5.8, 5.4, 6.4, and 13.3 kg., 
representing 38, 40, 44, 46, and 55 per cent of the maximal body weights of the 
five dogs. When the initial body Aveight at the time of total thyroidectomy 
was taken as the. standard, the losses amounted to as high a percentage as 42, 
48, 54, 61, and 76 (Table II). 


Table III. Summary of Study and Kesult.s 


F,XrERIMENT 

PERIOD FROM TOTAL 

thyroidectomy to 
duodenal drainage* 

(DAYS) 

PERIOD OP SURVIVAL 
AFTER DUODENAL 
DRAINAGE 
(D.VYS) 

DIMENSIONS OF ULCER t 
(CM.) 

I 

74 

34 

2.8 X 1.8 X 0.0 

IL 

49 

28 

2.0 X 1.5 X 0.6 

in 

61 

62 

2.5 X 2.1 X 1.5 

IV 

Cl 

43 

2.6 X 1.4 X 0.8 

V 

73 

34 

2.2 X 2,2 X 1.2 


•At the end of this period tlicre rvas no evidence of peptic ulcer In any case. 
tA bleeding perforating chronic peptic ulcer ivas observed at necropsy in each case. 
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The dogs survived twenty-eight, thii*ty-four, tliirty-four, forty-three, and 
sixty-two days following the Mann and "Williamson operation. At necropsy, a 
chi’onic peptic ulcer willi punclied out margins and an indurated base was 
invariably found (Fig. 2 and Table III). It was located characteristically on 
the superior posterior wall of the jejunum immediately l)eyond the pyloric 
ring. Its size vai’ied from 2.0 by 1.5 cm. to 2.5 bj"^ 2.1 cm. The shallowest 
ulcers were 0.6 cm. deep, while the greatest depth was 1.5 cm. The immediate 
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Fig. 2. — Peptic ulcers produced liy surgical duodenal drainage after total tliyroidectoiny. 

cause of death of all the dogs was a massive hemorrhage from an eroded blood 
vessel at the base of the ulcer. In some instances, it appeared as if perforation 
would have occurred had not the base of the ulcer been supported by the 
contiguous duodenal stump or liver to which it Avas adherent. 

COMMENT 

Experimental hypothyroidism is knowm to produce a decided increase m 
volume of gastric juice and a less marked, but neverthni""'- n«„,r^Ticfrnblfi. in- 


WU; EFFKCT OF TOTAL TIIYROIDECTOJIY ON l^EFTIC ULCJiB 623 

crease of acidit3L“ For this reason, tlie dogs in this series of experiments were 
observed for a period varying from forty-nine to seventy-four days following 
total thyroidectomy but before duodenal drainage. It is interesting that in no 
case did a gastric or duodenal ulcer deAmlop. 

On the other hand, total thyi‘oidectom.v does seem to modify the character 
of the peptic ulcer resulting from the employment of the Mann and William- 
son operation. As compared with my observations in other studies,^' * the 
ulcers are definitely more chronic, the craters being larger and deeper, and 
the period of survival of the dog is longer. One is tempted to speculate 
whether the differences might not be due in a large measure to the excessive 
body weight resulting from total thjU'oidectomjL Mann has pointed out to 
me, however, that the absolute and percentage loss of body weight in this 
series of experiments not only is greater, but also occurs more rapidly than 
usual.® 

Against this background of experimental • evidence, it seems difficult to 
understand the basis of the clinical observation that, in dealing with a patient 
who suffers concomitantly from liyperthyroidism and a peptic ulcer, subtotal 
thyroidectomy often amelioi'ates the sjnnptoms due to the ulcer. However, 
one must admit that tlie abolition of hyperthj’roidism does not necessarilj^ 
mean the installation of a h3^oth}n'oid state. In other words, there is a rather , 
wide range of normalcy in the activity of the thyroid gland. 

The results of this study indirectly lend emphasis to gastric acidity as 
being the most important factor in the pathogenesis of peptic ulcer. Total 
thyroidectomy, although it leaves lethargy in its wake, has nothing to recom- 
mend it as a therapeutic measure for the disease. i 

SUMMARY AND CONCLUSION 

Total thyroidectomj^ was performed’ on five dogs. No peptic ulcer de- 
veloped after forty-nine to seventy-four days. Following the use of Mann and 
Williamson’s operation to establish surgical duodenal drainage, a chronic 
peptic ulcer developed in all of the dogs after twenty-eight to sixty-two days. 
The conclusion is that total thyroidectomj'- does not have any mitigating effect 
on the experimental production of peptic ulcer. 
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THE HEALING OF AETERIES AND THE RELATIONSHIP TO 
SECONDARY HEjMORRHAGB 


Gordon Mukhay, jM.D., and J. N. Xvnes, M.D., Toronto, Canada 

I N EARLIER experiments on repair of arteries with the use of heparin, Payr’s 
clips were used. Later modifications of these, a small tube with a right-' 
angled flange, were made. These methods were obviously designed to eliminate 
the necessity of suturing vessels and, probably what was more important, would 
eliminate the multiple injuries of intima at the site of suture as well as the pres- 
ence of foreign body at the suture line. It wns found in the course of the ex- 
periments that these aforementioned objections were of no significance when 
heparin was used as an anticoagulant to overcome these ill effects, namelj', 
thrombosis at the suture line. The control of these difficulties has been described 
in earlier publications.^ An interesting side line which developed out of these 
expei’iments is worthy of consideration, especially at the present time with war 
surgery in the forefront and vuth blood vessel injuries and surgery being prac- 
ticed daily following Avar Avounds. The points Avhich Ave would like to consider 
are: 


1. The effect of rigid metal or other material Avhen applied as a cir- 
cumference around an arterj’^ as demonstrated in Paju-'s clips and 
more recently in the Blakemore- tubes, etc. 

2. The possible relationship o^ secondarj' hemorrhage to the effect 
produced by such a constricting band, or a ligature, and AA'hat 
method might be used as an alternative to prevent these complica- 
tions. 

3. The question of the survival of a venous graft bridging a gap in an 
artery applied in an infected field, such as a war Avound. 


In the earlier experiences in arteries Avith the clips already mentioned ap- 
plied on the carotid arteries of dogs, it Avas found that excellent union of the 
vessel Avould occur but all the animals died of hemorrhage from the 'carotid 
artery Avitliin a period of tAvo to six A\-eeks. On studying these specimens, it 
was demonstrated that the hemorrhage occurred from a bloAVout of the artery 
'immediately adjacent to the site of application of the rigid metal band. ‘When 
this particular area Avas examined more closely, it was demonstrated that there 
appeared to be necrosis of the artery Avail for a short distance (a few milh- 
metei’s) proximal to the edge of the metal band. This appeared to have de- 
veloped and to have softened so that someAvhere in the' third, fourth, or fiffh 
week, the vessel gave Avay under the arterial pressure. On a theoretical basis, 
it appeared that possibly the resistance of the rigid band against the arterial 
pressure Avithin the lumen Avas sufficient to cut off the vascular supply to the 
wall of the A'-essel through the vasa vasorum AAuth the resulting necrosis and 
ultimate giving Avay of the wall. 

It was on this evidence that it Avas decided that sewing up of the vesse s 
Avith a suture might give better results than would the application of met 
bands, etc. ; our experience in many hundreds of experiments has proved this to 
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be true. On no occasion has tlie suture line shown necrosis even when applied 
at each end of a venous graft. These suture lines and grafts have not blown 
out and, as described in' earlier publications,^ the only problem in these cases 
was the question of thrombosis at the sutui'e lines wiiicli was prevented by the 
use of heparin. 

On giving further consideration to these secondary hemorrhagic effects, 
following ligation of vessels, the literature was re%dewed to determine the end 
results of ligation of the aorta in human beings. There is a multitude of methods 
described to occlude the aorta and this, in itself, was some eiddence that no single 
method was entirely satisfactorj'. In the recorded cases with few exceptions, 
where the human aortae were occluded b3’’ ligatures, fascial bands, tapes of 
various sorts, and metal bands of wires, aU the patients died of secondary hem-' 
orrhage within a period of a few months to one jmar, except in those eases dealt 
with bj’- a graft described by Reid,® in w'hieh a foreign body such as a ball of 
fascia or other material was inserted in the lumen of the aorta proximal to the 
site of literature or occlusion. The effect of this latter method was obviously 
to produce a fairlj' large area of thrombosis and clotting, proximal to the suture 
line, thereby protecting it and any area of necrosis that might ensue, during 
the following weeks or months. 

These observations seem further to support the point already made that a 
rigid constricting band of any sort around a major vessel may cause an area of 
necrosis at tlie site of its application. 

Obviously in smaller vessels or in vessels containing a larger proportion of 
muscle in the wall, the results of ligation are uniformly good except perhaps in 
the presence of infection. This possibly may be accoimted for by the fact that 
ligation of anj’- of these muscular vessels causes extreme vasoconstriction which 
in itself would be a protective mechanism and would favor more extensive 
thrombosis and clotting in the region of the ligature. 

^With this evidence in mind, experiments were done on the aortae of dogs. 
In a control group, the aorta was tied off and divided between ligatures. Various 
forms of ligatures were used. "We were aware, however, that the abdominal aorta 
in a dog is not as important an arterial supply to the areas distal as is that in a 
human being, because of the many large branches through which collateral anas- 
tomosis, and so on, takes place. For that reason the vessel in itself is com- 
parativelj’ smaller and more muscular than the human aorta at a similar level. 

None of these vessels exploded so that the control of the experiment was not 
as satisfactory as had been hoped. 

^ In many groups of animals, instead of the aorta being tied off after it was 
divided, the ends were sewn up neatly with arterial suture in a fashion similar 
to that used in anastomosis or repair of arteries, noth better end results in heal- 
ing. 

_ Obviousty, if the mam arterial supply and, therefore, the nutrition of the 
periphery is cut down bj' war wounds of a major vessel, the natural defense bar- 
riers to infection are greatlj- weakened and, thei-eby, the growth of organisms 
and invasion of tissue b.v infection is greatly increased. It seemed, therefore, 
that vith injurj* to a main artery of an extremity, one of the best methods of 
obviating amputation and of presen'ing tissue and eliminating or reducing dis- 
abling infections in the affected extremitj’' might be provided by a restoration of 
the arterial supply to the part. It would seem, then, that even in the presence 
of an infected wound (as are all war wounds) an attempt at repair of the main 
arlerj' by end-to-end suture, or, if necessary, an attempt to apply a venous graft 
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bet-\veen the separated ends should he made, provided this in itself did not add 
an extra hazard from hemorrhage by the giving way of the repaired artciy, the 
suture line, or the venous graft.’ 

With this in view, experiments wci’e done in which end-to-end sutures of 
carotid arteries in dogs were carried out and the wound deliberately infected 
with dirt from the floor of the laboratory'. In others a segment of carotid artery 
•was excised and this was replaced with a venous graft by the technique described 
in earlier publications.® At the completion of the operation, and on some oc- 
casions before the graft was applied, the wound was deliberately infected with 
dirt from the floor of the laboratorj’- and the wounds in all cases were left widely 
open. In the course of a few days all these wmUnds in both eases were sup- 
purating and discharging large quantities of pus. There was edema of surround- 
ing tissue. It was recognized that these surgical wounds without extensive con- 
tusion and laceration of soft tissues w'ere not comparable to tlie torn and con- 
tused, lacerated wounds of bullet and shellfire and for that I’eason, together with 
the fact that repair in dogs is better and more rapidly effective than in human 
beings, the conditions of Avarf are were not accurately reproduced. 

In these expei'iments, we observed that the repaired vessel in an end-to-end 
suture shoAved no evidence of necrosis and did not separate or bloAV out, and 
Avhen heparin was given the vessel remained patent and circulation Avas carried 
on normally. Within a fcAv days the surface of the vessel Avas granulating and 
Avithin a short time the Vessel together with the Avhole surface of the Avound was 
a healing surface. These Avounds finally healed by granulating Avithout secondary 
hemorrhage. 

AVhere venous grafts Avei’e applied, again the ends of the arteries used in 
the repair together Avith the venous graft showed a healthy appearance. Witliin 
a few days all surfaces of these vessels were granulating and eventuallj’’ the 
Avhole AAmund had granulated and healed. In none of these did the graft sIioav 
necrosis, giAung way, or other eAudenee of secondaz’j" hemorrhage. Heparin aa'HS 
given in these experiments and tlie vessels remained patent, circulation carrying 
on perfectly through the reconstructed artery. 

It would appear, therefore, that following injury to the main arterial sup- 
ply to the head or extremities the best pi'ospects for saAung the extremity and 
also for preventing major complications, such as severe infection and perhaps 
secondary hemorrhage, might be provided by early z-estoration of circulation 
through the main vessels. Under the difficulties existing in Avarfare the easiest, 
quickest, and perhaps safest method of accomplishing this is by the application 
of a tube to bridge the gap betweezz ends of the vessel and bj- giving an anti- 
coagzzlant such as heparin. When this invotyes the use of a rigid tube such as 
described by one of us (G. M,)^ or by Blakemore and Lord,® the repair should 
be considered to be only of a tempoz’ary nature. The rigid tubes either should 
be allowed to become occluded or should be remoA’ed azzd z’eplaced a vezious 
graft applied by suturing or an end-to-end repair of the vessel by suturing. 
Even in the presence of infeetiozz, end-to-end repair of arteries and venous grafts 
in arteries applied by suturing survived Avithout evidence of necrosis or sec- 
ondary hemorrhage. 

CONCLUSIONS 

1. Rigid bands applied around the site for repair of vessels may be a menace 
in causing necrosis of the vessel Avail. In the presence of infeetiozz the tendenej 
to secondarj"^ hemorrhage is increased. 
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2. Similarly, a tight ligature around any vessel causes some modification 
of nutrition to the vessel wall immediately proximal to the site of ligature. In 
medium or smaller vessels, under aseptic conditions, this has no ill efPect. How- 
ever, in the presence of infection this area of necrosis may be the site from Avhich 
the secondary hemorrhage maj’’ occur. 

3. When it is desirable to close off a major vessel like the aorta or when a 
smaller vessel in an infected war wound is to be occluded, it is safer to sew the 
vessels carefully with a single layer of fine continuous suture. Under these con- 
ditions there is no necrosis of the adjacent vessel wall and the tendency to sec- 
ondary hemorrhage is greatly reduced. 

4. The possibility of reducing the number of amputations from gangrene 
or severe sepsis follo^ving injiny to major arterial trunks of the extremity might 
be reduced bj' a reconstruction of the arterial tree bj’- end-to-end suture or venous 
graft. 

5. Even in an infected wound the prospect of survival of a venous graft or 
of an end-to-end repair of an arterj’- is excellent. The observations being based 
only on experimental evidence. 
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STUDIES IN EXPERIMENTAL VASCULAR SURGERY 

Captain Sidney Smith, Medical Corps, 

Army op the United States 

'\/ASCULAR surgery may be considered the most venerable of all the surgi- 
cal specialties for it began with man’s first attempts to staunch hemor- 
rhage. The report by Susrutas on the use of the ligature in 1500 b.c., to tie the 
umbilical cord, is believed by Warren* to be the first reference of its kind in the 
literatui’e. 

By the third century the therapeutic treatment of aneurysms by ligation 
of the vessel proximally and distally to the sac, followed by excision of the 
aneurysm, had been described by Antyllus.- 

Vascular reparative surgery has a much more recent origin. The earliest 
report in the literature is that of Hallowell Avho, in 1759, repaired successfully 
a stab Avound in the brachial artery of a man. The circumferential portion of 
the vessel Avound was draAvn over the shank of a pin and ligated.- The pin 
Avas then remoAvd from the Avound and the ligature tightened (Fig. 1). 

Since HalloAvell’s report, myriads of contributions by experimental in- 
Avstigators haA’c proved adequately the feasibility of such extensive vascular 
surgica l procedures as anastomosis, segment transplants, shunt circulation 
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(Eck fistula), cross circulation, and direct transfusion. Some of these pro- 
cedures are obviously of laboratory interest only, but others, such as end-to- 
end anastomosis or segment transplant repair of extensive injuries which 
might occur in the resection of a large malignancy that has invaded an impor- 
tant vessel, or arteriovenous aneurysms or coarctations, are of exceedingly 
great importance in modern clinical surgery. 

Despite the seemingly ob^dous indications for the uses of these proved 
experimental procedures, very few clinical applications have been reported. 
There is apparently a general and %videspread reluctance on the part of sur- 
geons to attempt reparative procedures. Some of this reluctance may be due 
to hazy conceptions as to the optimal technique commensurate with success; 
some of it may be due to excessive fear of postoperative intravascular throm- 
bosis with its possible sequelae of events ; some of it may be due to the wide- 
spread belief that collateral circulation is visually sufficient to invalidate the 
need for more dramatic procedures ; and filially, many surgeons may have tried 
various methods enthusiastically described as simple “sure fire” techniques, 
only to fail, and consequently are discouraged as to the relative value of all 
vascular surgery. 



Fie. 1 — Hallowell pm methofl. 


Because many conflicting opinions in the experimental literature do exist, 
and because many new factors, such as anticoagulants, have been introduced, 
it was decided to review the field, repeat the techniques, and, if possible, 
summarize the basic principles inherent in successful arterial surgeiy. A veiy 
short representative resume of the history will- illustrate the more common 
controversial points to be studied. Only those techniques which are repre- 
sentative of a new approach, modification, or improvement will be described. 

Assmann, in 1772, repeated the technique of Hallowell in using the femoral 
arteries of dogs.- In a series of ten or more experiments all incisions became 
infected, resulting in purulent drainage, sloughing, and eventual failure of the 
suture, followed by either hemorrhage or thrombosis. Unaware of the signifi- 
cance of sepsis, he condemned reparative procedures on vessels 'as impractical, 
an opinion which apparently carried weight, for no further investigations 
were attempted for over 100 years until Ghxck, in 1881, again renewed efforts 
to suture arteries.^ 

The first outstanding treatise on the subject was presented by Jassinowsky 
in 1889.^ TwentyHwo of twenty-six end-to-end anastomoses of the carotid 
arteries of sheep were successful. He stressed through asepsis and used fine 
curved needles and fine silk. The sutures were interrupted, placed 1 mm. 
apart, encompassed the adventitia and media, but avoided the intima. 
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Doubt as to the necessity of using interrupted sutures and avoiding the 
intima 'vvas raised by the favorable reports of Silverberg in 1897 and 1898.^ 
He used the continuous over-and-over stitch, and included the intima. 

The seemingly logical advantages of the mattress suture, which everts 
the ends of the artery and permits comparatively extensive intima-to-intima 
contact with a minimal exposure of suture to the blood flow, were studied by 
Brian and Jaboulay.® 

Failure resulted in ten experiments on the carotid arteries of dogs, but 
success was obtained when the technique was applied to the carotid artery of 
a donkey. Here, then, were introduced two additional variables: the merits 
of the mattress stitch versus the simple interrupted or over-and-over suture, and 
the question of the minimal size of vessels commensurate with successful repair. 



! 

1 

! 


H E.A. 



2 — John B Murphy mattress suture technique. 



Fig-. 3 — Gluck's cuff method. 


In 1897, John B. jMurphy reported the successful end-lo-end repair of the 
femoral artery of man by applying the teclmique often used for anastomosing 
ureters. Two mattress sutures, 180 degrees apart, are inserted first in the cen- 
tral end of the artery and then passed from the inside to the outside of the 
walls of the distal end of the artery. Consequently, the central end is invagi- 
nated into the distal end (Pig. 2). This simple technique is not uniformly 
dependable. 


By tliis time there Avas no doubt that anastomosis of vessels, imder favor- 
nble circumstances, could be accomplished. Therefore, subsequent research 
A' as devoted to tiie task of simplifying the procedure. 
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Crluck, in 1898, introduced liis “cuff” method.- The cuff consisted of an 
autogenous segment of vein telescoped over the suture line. The cuff rein- 
forced the suture line and helped control leakage (Fig. 3). 

In 1900, Payr introduced the first- version of his magnesium cannula.^ It 
resembled a diminutive napkin ring with two grooves. The central end of the 
artery is slipped through the lumen of the ring and the end cuffed back and 
tied to the farthest groove. The distal end of the arteiy is then stretched over 
the central end of the artery and secured, by a ligature placed over the nearest 
groove (Pig. 4). An improved vei'sion of this ring, using a perforate disk face, 
was later described (Fig. 5). A recent modification of the Payr ring, with an 
eiwiable record of success experimentally and clinically, i.s the vitallium tube 
technique.” 




Fig-. 5. — Payr’s improved disk and ring. 


Although by this time all of the essential principles of vascular repair had 
been described, it remained for Carrel and Guthrie'* to present the most classi- 
cal, example of research in the field. Their many reports, working togethei', 
and later singly, described the unprecedented limits which can be attained m 
vascular surgery. They did long-term folloAV-up studies on such fascinating- 
subjects as auto-, hetero-, devitalized tissue, and foreign body (glass and rub- 
ber tube) transplants into the arterial system. They standardized the essen- 
tial procedures and introduced their three-stay suture technique ■ivhich sim- 
plified and permitted the successful repair of arteries much smaller than here- 
tofore possible. Their results set the standards to which all others are compared. 
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In this method the ends of the arteiy are united by three interrupted 
sutures placed equidistantly (120 degrees) apart. The assistant then grasps 
any consecutive two of the three stay sutures, one in each hand (Fig. 6). Mild 
traction everts the ends of the artery .slightly so that the surgeon can sew the 
segment with a straight arterial needle. After one segment is sewn, the assist- 
ant rotates the stay sutures so as to advance to the next segment until each of 
the three segments has been sewn in turn. The continuous over-and-over 
stitch is used. 

Although the Carrel-Guthrie technique ivas a decided advancement, it still 
required considerable skill, not only ly the surgeon but by his assistant as 
well. Much depends upon the steadiness and degree of tension applied to the 
stay sutures. Also, it is exceedingly difficult to apply the principle when work- 
ing in a cavity. To circumvent these criticisms, Horsley designed and intro- 
duced a mechanical aid which he called the “Arterial Suture Staff. This in- 
strument is somewhat V shaped, with one leg long and the other short. The 



' Fig. 6 — Carrell-Guthne three-stay suture technique. 


Staff has projecting buttons along both shanks. The three stay .sutures are 
fastened to the appropriate buttons, insuring constant precise tension. The 
trained assistant is not necessaiw and the staff permits work inside of deep 
cavities (Pig. 7). 

Horsley used the so-called “cobbler” suture, which is a continuous double 
matti-ess. Tlic thread lias needles at both ends. After the fii-st stitcli is centered 
at one-half the length of the thread, a needle is taken in each hand and thrust 
through both margins of the same part of the artery, but from opposite .sides 
(Pig. 7). The hands switch needles and the process continues. 

The difficulties encountered in attempting to place three stay sutures 
cquidl.stantly apart in iwo halves of a contracted and retracted distensible tube 
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are responsible for most of the failures in end-to-end anastomosis. If the stay 
sutures are not precisely placed, distortion of the two halves will result in 
poor approximation, leakage, and eventual failure by thrombosis. 

In 194:0, the soluble rod as an aid to vascular anastomosis® was described. 
In this technique the three stay sutures are eliminated entirely. The ends of 
the artery are stretched and approximated accurately over the soluble rod arid 
sutured by one continuous over-and-over stitch. The rod rapidly dissolves in 
the reinstituted blood flow. The system permits operation in deep cavities of 
small dimensions. 

Also in 1940, Murray® opened an entirely new field of possibilities -with his 
description of the uses of heparin in experimental and clinical cases of vascular 
repair. 



Fig. 7. — ^Horsley’s suture staft and cobbler suture. 


From this brief resume of representative techniques we are now ready to 
investigate the merits of each technique and to determine and evaluate the com- 
mon factors essential to success. We laiow that the surgical anastomosis of 
blood vessels is feasible and can be accomplished by many methods. What we 
must find out and understand are the causes and mechanism of failure. 

In brief, we must consider: (1) Infection, (2) minimal size of vessel com- 
. mensurate with average success, (3) coats of the vessel included in the stitch, 
(4) optimum spacing of the stitch, (5) optimum type of stitch, (6) evaluation 
of factors involved in intravascular thrombosis, (7) t 3 rpes of .suture material, 
and (8) anticoagulants. 

EXPERIMENTAL STUDIES 

Infection . — The subject of infection is not readily adaptable to controlled 
research. Observations were limited to those eases in which unintentional in- 
fection had occurred. There were approximately fifteen purulent infections m 
over 250 experiments. IMost of these fifteen were observations on techniques 
• that were failures under ideal conditions, therefore it was impossible to evalu- 
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ate the significance of infection as a cause of failure. In four cases, when 
proved technique was used, followed by subsequent infection, three were func- 
tional and one thrombosed. In one ease the infection eroded into the artery 
about one inch from the suture line with resulting hemorrhage and death. 
However, in this case the vulnerability of the artery was probably not much 
greater than in an unoperated arterj"- existing under identical conditions. 
There is no evidence that thrombosis of an anastomosis in an infected field 
increases the susceptibility of the subject to a systemic bacteremia. 

A thrombosed arteiy wifi, often canalize after quiescence of the bac- 
terial invasion and thus restore a favorable percentage of function. It is felt, 
therefore, that the existence of unfavorable conditions met with in dirty trau- 
matic wounds should not in themselves deter attempts at restitutional surgery. 
Temporary function also permits development of collateral circulation which 
in physiologic effect often accomplishes the same end results. 

Minimal Size of Vessel Commensurate With Average Siiccess. — The absolute 
limitations imposed by the physical relationsliip between vessel size and suture 
size permit the successful anastomosis of arteries far smaller than any vessel in 
adult man which may require anastomosing. These factors will be discussed 
with the physics of intravascular clotting. 

I was consistently successful in my efforts to anastomose the carotid ar- 
teries of dogs of 30 pounds weight. The average outside functioning diameter 
of these vessels is slightly less than % cm. Therefore, this size of artery was 
chosen arbitrarily as the control size for the comparative studies of techniques. 

Standard arterial silk sutures*" were used throughout. The sutures come 
in one size, but a choice of a straight, one-half curved, or full curved round 
needle may be had. All types were used. 

Coats of the Vessel Included in the Stitch. — The artery or vein has three 
histologically distinct layers : intima, media, and adventitia. The intima lines 
the vessel and consists of fiat endothelial cells. The initma is usually about 
two or more cell layers thick. It derives its nourishment from the blood flow 
within the vessel itself. The media is composed of smooth muscle and elastic 
connective tissue. It is thick in an artery and thin and weak in a vein. It 
derives part of its nourishment from minute penetrating capillary blood ves- 
sels which arise from a plexus of vessels termed the vasa vasorum. The vasa 
vasorum is contained in the outermost layer of the vessel — the adventitia. 
Besides the vasa vasorum the adventitia consists of loose areolar and con- 
nective tissue. 

The main difficulty encountered in including this layer in the suture bite 
is that the adventitia is “sticky” and will adhere to the suture material tena- 
ciously. As a result it will either snag the thread, causing breakage, or it will 
be carried by the thread into the lumen of the vessel where it tends to promote 
intravascular clotting. The adventitia is weak and imparts little, if any, 
stiength to the suture line. Jt can be stripped back from the suture site 

it is not advisable to include this layer in the suture. 
After the .-suturing is completed, however, the adventitia should be worked 
back to its former position. This enables the vasa vasorum to reestablish 
nutrient connections to the media. 

The question of the inclusion of the intima in the suture is limited by prac- 
tical aspects. It is exceedingly difficult, tedious, and impractical to join ade- 
quately two arterial ends by sewing through the media onlJ^ AYith practice 
and pa tience it can be accomplished in a veiy large artery. I attempted many 

•Supplied by John'ori A John-:on, New Bninswlek, N. J.. nnd Clilcafro, III. 
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times to avoid the intima, Avithout success, except in one case. In this artery 
about one-half of the intima escaped the suture. "When the animal was sac- 
rificed one month later the artery was functioning, but that part of the intima 
not held by the suture had retracted about 3 mm., exposing media to the 
stream. There Avas an organized mirral thrombus in this area. Histologic 
studies indicated endotheliozation of tliis clot Avas in progress. The rest of 
the suture line Avas not only free of emboli, imt Avas completely encapsulated 
in endothelium. 

Pinal conclusions .should not be draAvn from one observation. HoAvever, in 
vicAV of the severe technical difficulties presejited by attempts to avoid the 
intima, plus the fact that almo.st all experimenters since JassinoAvsky haA’e in- 
cluded the intima, it appears evident that the intima may be included in the 
.suture bite. In summary, the suture bite encompasses the media and intima, 
but not the adA^entitia. 

Optimum Spacing of the Stitch. — The optimum .spacing and type of suture 
Avas studied next. The first and immediate prm-equisite of repair is that the 
leak be stopped. . JassinoAA'sky first stressed the point that sutures placed 1 
7nm. apart AAdll adequately form a leakproof i'e])air. IMoreover, the 1 mm. gap 
is the maximum space alloAvable for a leakpi’oof i-epair, regardless of the tjq)e 
of stiteh.or the size of the A'essel. 

Although a continuous over-and-over or continuous mattress is less tii’ing 
than either the single interrupted or single malti-ess, nevertheless. 1 mm. spac- 
ing is a tedious procedure. Consequently, many methods hjive been applied 
to the further simplification of this problem. The most common method is the 
cuff technique of Gluck (Pig. 3). The cuff extends for a considerable dis- 
tance beyond both sides of the suture line. Ideally the cuff should have an 
inside diameter slightly less than the maximum outside diameter of the func- 
tioning vessel to be repaired. 

Leakage at the site of the anastomosis results in a fibrin seal of the ends 
of the Amssel to the cuff. Application of the principle aa'ss tested, using many 
substances for cuffs. The arterial ends AA'ere approximated by six equispacecl 
interrupted sutures. The folloAving results AA-ere obtained. 

In six cases using autogenous jugular vein segments, thei'e Avas little or 
lAo leakage after one minute, but all vessels became thrombosed Avithin one 
Aveek. When rubber (six experiments), fascia (tAvo experiments), peritoneum 
(one experiment), or viable muscle strands (four experiments) Avere used as 
cuffs, failure from thrombosis re.sulted in every instance. Recently a neAA' 
product, absorbable cellulose, Avas used in tAvo cases as a AA'rapping or cuff, 
with failure from eventual thrombosis. Four experiments Avere tried, using 
pure fibrinogen in concentrated aqueous solution held in a mold around the 
suture line. The fibrinogen Avas conAmrted to fibrin by addition of thrombin. 
After alloAving a feAv minutes for setting, the mold Avas removed and the blood 
floAV resumed. The fibrin film Avas unable to Avithstand the arterial pressure. 

Although the use of only six stay sutures is admittedly a radical experi- 
mental procedure, neAmrtheless, the failures emphasize the fact that most 
failures in Amscular reparatwe surgery are due to latent intravascular thrombo- 
sis. Moreover, these embolisms present the typical gross and histologic appear- 
ance characteristic of propagating thrombi. The clot is ahvays adherent to one 
part of the suture line but may have multiple points of attachment, usually at 
areas Avhere the intima has retracted, exposing media or advejititia. 

Some thrombus formation occurs m any suturing process, for there is al- 
' Avays some initial oozing from the needle holes AA'hich ceases in about one 
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iiiiuute. But these sealing clots are within the Avail Avhere they become organized 
rapidly AAdthout interfering Avith the I’e-endotheliozation of the suture line. 

Pig. 8 shoAvs a typical example of the absence of mural thrombi in a suc- 
cessfully anastomosed artery. On the left is the segment taken three days 
after anastomosis. The sutures are distinct. On the right is a segment from 
the opposite carotid artery of the same animal taken some six Aveeks post- 
operatively. The sutures are completely covered AAuth endothelium. 

It is felt that the control of initial bleeding by a cuff creates false security. 
HoAvever, ncAv possibilities in their application have been created by the use 
of anticoagulants, and these 'will be discussed under that heading. 

Optimum Type of Stitcli. — I Avas unable to obtain successful end results 
using the baseball stitch. Thi'ombosis eventually occurred. The cause for this 
is undetermined to date. 

The Connell stitch, in my hands, could not be placed Avith the required 
precision and Avas' quickly abandoned. Both of these methods Avere attempted 
only as part of the general research into suture techniques. ^ 


A 





Pig- 8 — A, Three days postoperatively ; S, six weeks postoperatively. 


Ihe simple continuous over-and-over is by far the easiest stitch to place 
and, in my hands, gave the best results. The continuous mattress and the eob- 
er suture are a little slGAA-^er and more difficult to place neatly, but AAffien prop- 
er y executed, give dependable results. Single interrupted or interrupted mat- 
tress sutures may be used, but the process is exceedingly and unneeessarilv 
tedious. 

Iaa'o arguments are presented persistently in favor of the mattress or cob- 
ci suture. First, the mattress affords a more secure bite Avhich minimizes 
le tendency for the suture to pull through the tissue. Second, the mattress 
suture exposes less foreign material to the blood flow and minimizes tendencie.s 
toward intravascular clotting. 

The first argument has some merit. It is quite true that the mattress 
•sutme has le.ss tendency to cut through friable tissue as is encountered in old 
sc <'*ot>c arteries. Aside from this, there are no other practical advantages. 

Hie .second argument has persisted so long on a purely philosophical basis 
hat It wjis decided to de\-isc some experiments Avhich might detennine (jxianfi- 
(otivdy the part the foreign body plays in intravascular clotting. 
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If a fine strand of silk is threaded throngli an' artery at right angles to the 
blood flow, a tiny clot forms on the thread in the center of the stream which 
■\\'ill grow slowly at first but with an ever-accelerating speed, until it occludes 
the lumen completely and the vessel thromboses. The clot grows from the 
center of the thread outward to the peripheiy of the vessel. However, if the 
same amount of a fine silk strand is placed along the longitudinal axis of the 
vessel so that the thread hugs or recesses into the intima, no ihromhus will 
form, and in time endothelium will grow over the suture and encapsulate the 
thread. 

If the thread is permitted slack so that it does not, in its entirety, lie 
uniformly adjacent to the intima, but parts of it wave idly into the blood 
stream, a propagating clot vdll again form. A propagating clot vdll also form, 
regardless of the position of the .thread, if the thread is large enough to create 
turbulence in the blood flow. 

It is evident, therefore, that the position of the foreign body with respect 
to the blood flow and the size of the material is of great significance. 

I have applied both sewing techniques with success, but do not feel that 
the mattress suture has sufficient practical advantages to encourage its use 
over the much simpler and easier manipulated over-and-over stitch. 

Evaluation of Factors Involved in Intravascular Tliromhosis '. — In the pre- 
vious experiments the recording of data from comparative tests was of chief 
concern. However, it was desired to visualize some of the mechanisms at work. 

A model eirculatorj’- system, made mainly of glass, was constructed (Fig. 9). 
The reservoir was attached to the glass tube by a flexible nibber hose which per- 
mitted changes in head pressure by raising or lowering the reservoir. One 
section had a venturi-like constriction, representing approximately a 40 per cent, 
reduction in cross-section diameter. Three small spurs opened into this section. 
One spur was placed before the constriction, one in the throat, and the third one 
in the tube past the constriction." These spurs could either be opened' to place 
material in the lumen of the tube, or they could be connected to gages or stand 
pipes to register pressure changes. Citrated dog’s blood, diluted v*ith three 
volumes of normal saline solution, was used to charge the system. The speed 
of flow was regulated by adjusting the height of the reservoir. 

"With the system at rest, the formed elements gimdtate to the dependent 
parts, but as soon as motion is imported, two distinct, phases of flow are 
observed." The formed elements aggregate into a compact core to form the 
axial phase, while the clear fluid uniformly surrounds the core to form the 
peripheral phase. The axial phase moves at a much faster rate than the 
peripheral phase. Under uniform flow, none of the formed elements penetrate 
the clear zone of the peripheral phase and consequently formed elements are 
not normally in contact ■ndth the vessel wall. Essentially these obsemmtions are 
in agreement with those of Aschoff.® 

If a smaU. thread is introduced into the tube through a spur, it is apparent 
that it may rest entirely in the peripheral phase and none of the formed ele- 
ments ■wiU strike it (Fig. 10). Moreover, if the thread is small enough to 
remain in the clear zone, there is little e'vidence of turbulence. However, n 
the thread, either because of its size or its extreme length, projects into the 
axial phase, pronounced tiurbulence Avill occur. 

Another phase of intravascular clotting was observed at the same time, as 
follows: "Wlien the fluid entered the mouth of the venturi-like constricti^ 
there was no loss in phase characteristics. The speed of the stream increase , 
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the deal* peripheral zone was reduced in size and depth, and there was a re- 
duction in lateral wall pressure. This is the well-lcnown “Venturi” principle. 
(See any physics textbook.) Wlien the stream emerged from the con.sti'iction 
there was a pronounced change which varied in intensity with the initial speed 
of flow. The greater the initial speed of flow, the more violent Avas the change. 
The change consisted of inversion of phase at a spot somcAvhat distal to the 
end of the constriction, the exact space varying again with the speed of flow. 
At this spot the axial stream struck the side walls of the tube and there Avas 
pronounced turbulence AA'ith a baekAvard floAv of cells, jxast as there are eddy 
currents behind an obstruction or a jetting stone in a fast-moving stream (Fig. 
10). If small amounts of calcium chloride A\'ere added in graduated amounts 
to the reservoir to neutralize the citrate solution, a critical point Avas reached 
in Avhich the blood at rest did not clot. HoAveA'er, prolonged agitation started 
the clotting chemistry. Consequently, at the point of maximum turbulence 
distal to the constriction it Avas possible to produce a A-ery filmy propagating 
clot. The embolism Avas filmy due to the very great dilution of the blood, 3 :1. 
This clot had a tendency to propagate against the stream. 

The possibility that partial occlusion or distortion of a blood vessel could 
produce a propagating embolism lead to the folloAving experiments. A single 
silk ligature Avas placed around the carotid and femoral arteries and jugular 
and femoral A^eins. The ligature occluded the diameter approximately 50 to 
60 per cent.® Eesults of single partial ligation Avere definitely not conclusive. 
There Avas only one occluded propagating clot in an artery and one in a 
femoral A’ein. In the arteiy, hoAvever, the point of attachment of the clot Avas 
in the exact relative position distal to the occlusion as the propagating clot 
produced in the glass model. Due to the similarity of conditions imposed and 
the mechainsm involved, the obserA’ation Avas of interest even though coinci- 
dence may have reduced the significance of the jAhenomcnon. Further studies 
Avere conducted to determine the role of the intima in intraA’ascular clotting. 

A series of carotid and femoral arteries and jugular and femoral A^eins 
Avere crushed by clamping in an Ochsner forceps. After crushing, the injured 
area Avas teased in order to peimit re-establishment of floAV. 


In a series of approximately ten experiments there Avere no occluding 
thrombi found one Aveek to ten days after the initial injury. In the ease of 
the arteries a pronounced aneurysmal bulge had occurred at the point of 
iujm-y. Histologic study disclosed that the intima had regenerated and that 
healing, in general, Avas progressing by the usual means." If an extensive area 
of the vessel, or even the intima alone, is damaged severelj’-, then the regenera- 
tive processes cannot recoup fast enough and the vessel breaks doAvn, resulting 
in thrombosis. Apparently thrombosis results from an intensity x extent 
formula in which both factors must be present. 

The observations from these experiments help to explain the observed 
facts that Avhen good approximation is obtained Avith fine, close suturing, no 
intravascular clot Avill form and the anastomosis Avill be successful. 


Types of Suture Material. — The question of suture material itself Avas 
studied. No actual anastomoses of arteries Avere attempted Avith catgut. No 
catgut of a suitable size comparable to 000000 silk is obtainable. HoAvever, the 
following experiments Avhich Avere performed by Potts and Smith in their joint 
studies on pulmonary embolism help to shed some light on this subject. The 
femoral Amin of a series of tAvelve dogs Avas ligated. On one side silk Avas use 
and on the other side plain single 0 catgut was used. In an exploratory opeia- 
.^tion one Aveek or ten days later, it aa^s found that the femoral Amins tied wi i 
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the catgut in all eases were thrombosed. On the other hand, there were two 
thrombi found in the veins occluded 'wdth the silk ligature. When the silk 
ligature was removed in the remaining ten, re-establishment of the venous flow 
continued in an uninterrupted manner. This series of experiments was inter- 
rupted by the enforced dissociation of the two surgeons by AVorld War II and, 
consequently, is not complete. 

A preliminary opinion, however^ may be ventured to the effect that catgut 
ligation tends to produce thrombus formation and intravascular clotting, 
whereas ligation with silk does not have such marked tendencies. Apparently, 
catgut would not be a suitable material for arterial repair even if it existed in 
the necessarily small sizes. 

Anticoagulants . — The excellent and extensive work by Murraj^®’ indicates 
the value of anticoagulants in experimental or clinical vascular surgery. Ob- 
viously, the ability to control at will the clotting mechanism of the blood enables 
the operator to circumvent or ameliorate those factors which lead to postopera- 
tive thrombosis and failure. 

For example, a repair executed under technical difficulties which lead to 
excessive intramural thrombus can be tided over the crisis bj"^ maintaining anti- 
coagulation therapy during the essential process of organization and re-endo- 
theliozation. 

Especially is this use of inestimable value when performing venous seg- 
ment transplants into arterial defects. Under the most ideal of conditions as 
to matching of the diameters of the venous segment and the artery, there will 
still be turbulence in the blood flow through the segment due to the “balloon- 
ing” of the weak, thin-walled vein. A vein segment in effect becomes an 
aneurysm and, as such, is subjeet*to the identical reparative processes charac- 
teristic of the healing of aneurysms. • . 

In brief, concentric mural fibrin deposits will tend to narrow the lumen 
and^ adventitial hyperplasia will tend to strengthen the weak media. Some 
fibrin deposits are desirable in that they re-establish smooth continuity of the 
conduit, but once this has been attained it becomes desirable to stop the clot- 
ting mechanism so that organization and endotheliozation completes the repair. 

By the same mechanism, the Gluck cuff has a greater opportunity for success- 
ful service. 

Therefore, anticoagulants should not be considered as substitutes for sur- 
gical skill, but their value, both intrinsic and moral, must not be undei’estimated. 

I used chlorazol fast pink'^ in my work in this field. Inasmuch as this dye 
IS not in general favor for human use, the reader is referred to Muri’ay’s works 
for directions in the use of heparin. 

DISCUSSION 

The magnesium rings of Payr and the vitallium tubes of Blakemore and 
co-workers were not experimented with. I have seen satisfactory evidence of 
the^ Payw rings in use and the vitallium tubes give even greater promise of the 
ultimate in simplification of end-to-end and segment transplant. The rings or 
tubes are not adaptable to lateral or stab wound repairs as are tlie suture 
methods. '■ 

^ There is one point stressed by everj- experimenter in this field which is 
again repeated here for added emphasis. Even though thrombosis may occur 
postoperatively, the process is a sloio one which admits of the establishment of 
adequate collateral circulation. Consequentlj’, the end result physiologically is 



640 


StJfiGEftY 


the same as though perfect technical results had been obtained. To paraphrase 
a common paint slogan, “Save the hlood supply and you save all.” 

- There are only a few technical fundamentals which must be adhered to: 
(1) Use fine arterial needles and silk (6 zero) ; (2) keep the suture gap less 
than 1 mm.; (3) approximate ends aeetirately; (4) use anticoagulants freely 
but judiciously; and (5) use mechanical aids when possible. 

Under this heading comes the soluble rod technique. I am indebted to it 
for the acquisition of the technical skill necessary for the review presented in 
this paper. Because the soluble rod does definitely facilitate vascular surgical 
anastomosis, a condensed review of its preparation follows. Dextrose is heated 
slowly to 160° C. The slightly caramelized liquid is p'oured (or sucked) into 
sterile rubber tubes, the inside diameters of which approximate the function- 
ing diameter of the artery to he repaired. The filled tubes are then cut into 



Fig. 11. 

Figs. 11 to 15. — Steps in the soluble rod technique. 


segments 3 cm. long. These segments are dropped into ether for a few minutes. 
The rubber softens and swells, permitting the dextrose rod to be slipped out 
of the rubber mold with ease. The rods are then coated with some substance 
that will serve to protect the intima from the dehydrating action of the dex- 
trose. Paraffin, with a 50° C. melting point, makes a satisfactory coating sub- 
stance which in the small amounts used (0.02 c.c.) probably presents no prac- 
tical dangers from oil emboli. Recently a gelatin coat'*' has been experimented 
with. This is still in the experimental stage. 

Technique of Blood Vessel Sutxire hy Aid of Soluble Rod . — The vessel to be 
sutured is isolated from the surrounding tissue by packs moistened with warm 
physiologic solution of sodium chloride. The adventitial coat is stripped bac ' 
from each end of the artery for a distance of 1 cm. The lumen is washed out 
with physiologic solution of sodium chloride. 


•Produced by Gelatin Products Co. of Detroit, Mich. 
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The continuous suture technique is used. After the first suture is placed, 
but before it is tied, the soluble rod, corresponding in diameter to the lumen 
of the functioning vessel, is inserted one-half its length into one end of the 
artery. As the suture is being draum tight preparatory to tying, the other end 
of the artery is worked over the protruding half of the soluble rod, thus ap- 
proximating both halves accurately, without using stay sutures (Figs. 11 to 15). 
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FJer. 14. 



Fig. 15. 

The suture is theu tied. The free end of the thread is trimmed off, and the 
continuous over-and-over suture completes the anastomosis. Originally the 
straight needles were used, but the newer atraumatic half-circle round needle 
has been substituted with more ease of handling. The continuous sutures are 


Supplied by Johnson & Johnson, New Brunswick, N. J., and Chicago, HI. 
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placed 1 mm. apart and 1 mm. or less from the ends of the artery. Mild 
tension is maintained on the thread during this process in order to prevent 
the sutures from loosening between each sewing maneuver. The site of the 
anastomosis is then lield lightly between the thumb and the index finger while 
the proximal clamp is removed. A warm saline solution pack is applied over 
the rod to melt the protective paraffin coating. The rod goes into solution in 
the pulsating blood in one minute or less. The peripheral clamp is then re- 
moved, re-establishing the circulation. Some slight oozing of blood from the 
suture holes and from the area between the sutures occurs immediately on- 
release of the clamps, but this bleeding subsides within one or two minutes. 
After the oozing has completely stopped, permanent re-enforcement is obtained 
by suturing the arterial sheath securely around the artery at the site of the 
anastomosis.^ 

CONCLUSIONS 

It is not the province of this paper to discuss the clinical applications of 
the procedures described herein. It is felt that a sufficiently extensive resume 
of the field has been made with experimental evidence presented in support of 
those procedures which can be done and those which cannot be done. It is 
hoped that the evidence favors predominantly the fact that anastomosis of 
'arteries (or veins) is a feasible procedure when fundamental principles are ad- ^ 
hered to. It would most certainly defeat the purpose of this paper if the- im- 
pression were created that vascular surgical procedures are “stunts” requiring 
special skill. Finally, it is stressed that there is nothing to lose in attempting 
reparative procedures and often much to gain. 

SUMMARY 

1. A brief- resum4 of the representative techniques of blood vessel anastomo- 
sis was presented.' 

2. The techniques were repeated under control conditions and comparative 
observations made. 

3. The basic principles inherent in success or failure in vascular anastomo- 
sis were studied. 

4. The soluble rod technique was represented. 
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It is impossible to evaluate accurately tbe importance of sympathetic block 
and sympathectomy in these cases. These procedures were of no avail in our 
earlier patients having ligatiras, and Avithout striking benefit in tlie three cases 
reported. There is sufScient theoretical reason to believe that sympathetic in- 
jection has enough merit to justifj' its continued use. 

The relative importance of thrombectomy and relief of arterial spasm by 
lumbar block and the periarterial S}’’mpathectomy in Case 3 is nnkno^vn, but it 
is believed the former was the more important factor in the result obtained. 

SUMMARY 

1. Ligation follo^ving injury of the popliteal artery results in a high inci- 
dence of gangrene requiring amputation. 

2. Three cases, in which there was traumatic interruption of the popliteal 
arteiy and in which suture was done with apparently favorable results, are 
presented. 


MULTIPLE ARTERIOVENOUS ANEURYSMS 

Report of a Case of Four Arteriovenous Aneurysms in One Individual 

Lieutenant Colonel Harris B. Shumacker, Jr., JIedical Corps, 

Army of the United States 

(From the Vascular Center , Mayo General Hospital, Galesburg , III .) 

T raumatic arteriovenous aneurj^sms, although relatively rare in civil 
practice, occur surprisingly often among wounded military personnel m 
World War II. The diagnosis is ordinarily not difficult to make. Many cases 
wiU go unrecognized for long periods of time, however, rmless great care is 
exercised to include in the examination auscultation and palpation in the 
neighborhood of each wound for the presence of bruit and thrill. Nor should 
the examination be concluded mth the finding of one arteriovenous fistula. 
It is not a rare occurrence for multiple fistulas to be present in a single individ- 
ual. Undoubtedly the numerous sraaU shell fragment wounds which result 
from high explosive shells, grenades, land mines, bazookas, etc., account for 
the multiplicity of vascular lesions. 

Elkin* has recently called attention to this fact in reporting a patient who 
had three arteriovenous fistulas in the two posterior tibial vessels. I wish to 
present a case in which four arteriovenous aneurysms occurred in a soldier, two 
of them associated with a small saccular aneurysm. Diagnosis of a single 
arteriovenous fistula was made for the first time two and one-half months after 
injury and the remaining arteriovenous communications were not recognized 
for some time. This case is of interest not only because of the multiplicity of 
the arteriovenous aneurysms, hut also because it serves to emphasize the neces- 
sity for extreme thoroughness in examination and operative treatment of such 
patients. 

Received for publication, July 5, 1945. 

•Elkin, D. C. : Arteriovenous Aneurysm : Report of an Unusual Case, Bull. U. S. Army 
M. I>ept. (No. 84) pp. 104-106, 1945. 
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CASE REPORT 


The patient, a 22-year-old sergeant, was admitted to Mayo General Hospital Nov. 7, 
1944. Prior to Aug. 16, 1944, he had always had good health and no vascular complaints. 
On this date, in southern Prance, he was wounded by fragments from an exploding land 
mine, receiving multiple soft tissue injuries of both thighs, legs, feet, and of the back. At 
the same time he sustained a compound comminuted fracture of the right fifth metatarsal 
bone. There -was little or no bleeding. His wounds were dressed, oasts were applied to both 
legs, and he was transferred by ship to a station hospital in Italy. The cast was removed 
from the left leg September 1 and from the right November 1. He was. found to have 
some weakness of extension of the right foot, paralysis of the right toe extensors, hyper- 
esthesia of the dorsal surface of the right foes, and hypestliesia in the left saphenous dis- 
tribution. He was returned to the Zone of the Interior and was admitted to a general hos- 
pital,- October 31. Here the neurologic findings in the right foot were confirmed. The frac- 
ture was found to be liealed. In addition, for the first time, it was noted that there were 
signs of an arteriovenous aneurj'sm anteriorly in the distal portion of the right leg. For 
tlxis reason he was transferred to the Vascular Center at the Mayo General Hospital. 

The patient had few complaints. He stated that he had some weakness of extension 
of the right foot 'and toes and occasional!}' a slight burning pain on the dorsal surface of 
the right foot. The hyperesthesia had disappeared. He had a little residual hypestliesia 
along the left internal malleolus. He had noted no color changes, no venous difficulties, no 
trophic changes, no precordial distress, dyspnea, nor cyanosis. He said that the right foot was - 
somewhat warmer than the left and that sweating was excessive in both feet. 


Examination on admission confirmed the impression of arteriovenous aneurysm in the 
region of the right anterior tibial vessels. A subsequent more careful examination led to 
the impression that he had two other arteriovenous communications. The vascular examina- 
tion revealed that there was slight cyanosis of the toes of both feet in dependency. The 
peripheral arteries were not tortuous or thickened. The veins of the right foot were some- 
what better filled than those of the left, and venous filling time was five seconds in the 
right foot, fifteen seconds in the left. There were no dilated or thrombosed veins. Sweating 
of both feet was moderate and slight pitting edema was present in the right foot and leg. 
There were no trophic changes. No neurologic changes were noted except for a small area 
of hypesthesia over the left internal malleolus, loss of extensor power in the right toes, 
and some weakness of extension and of eversion of the right foot. About 10 cm. above the 
right internal malleolus between the tibia and fibula anteriorly there was an abnormal 
pulsation and a continuous thrill and bruit. The bruit was audible down into the foot and 
up to the knee. Direct pressure over the anterior tibial vessels in this area obliterated the 
t irill, pulsation, and bruit, and caused a drop in pulse rate from 72 to 67 per minute. With 
1 118 fistula occluded, however, there remained a loud continuous bruit wliich was audible 
posteriorly in the calf about 20 cm. above the malleoli. There was no thrill in this area. 

e bruit here could be obliterated by rather broad' pressure against the calf muscles proximal 
0 t e point of maximal bruit. About 20 cm. above the malleoli on the posterior mesial 
aspect of the left leg a continuous thrill could be felt and a continuous bruit was heard. 

us bruit could not be obliterated by pressure in this area but ceased when the popliteal 
arteo’ was compressed. The blood pressure varied frpm 126/72 to 116/76. With occlusion 
0 a 1 pulses in both legs no change in blood pressure occurred but the pi^e rate dropped 
rom 4 to 6S per minute. Skin temperatures of the toes of the two feet were about equal. 
9 ^ ^ room at 22° C. the temperature of the toes of both feet varied from 

to ..3 and on another occasion from 32.5 to 35.5. When reactive hyperemia was carried 
w with the anterior tibial aneurysm occluded there was a good flush of the toes wluch 
gan in twenty-five and was complete in fifty seconds. The patient had 150 healed wounds, 
most of which were very small and the majority of which were scattered over both legs, feet, 
ughs (Pig. 1). X-rays of both lower extremities showed numerous small metallic frag- 
ments ffispersed through the soft parts (Fig. 2). When the patient returned from a brief 
ur ough he complained of some discomfort in both calves on walking and of swelling of 
0 1 a^lcs. Examination revealed some edema of both ankles and the circumference of 
the right was 2.5 cim greater than that of the left. 


It was^ felt that the patient had three arteriovenous aneurysms, one involving the right 

tibial vessels and the other two probablv invobung the right and left postoriur 
tibmi vessels. 
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On Dec. 29, 1944, the anterior tibial aneurysm was explored and a double fistula, each 
about 4 mm. in diameter, was found between the anterior tibial artery and two anterior 
tibial reins, one of which lay on either side of the artery. These vessels were resected be- 
tween ligatures and the aneurysm was excised. The patient did well postoperatively, showed 
no evidence of vascular insufficiency, and the collateral circulation was sufficiently good so 
that a dorsal pedal pulse was strongly palpable in the right foot immediately after operation. 
On Jan. 8, 1945, an exploration was made through a posterolateral incision in the left leg. 
The posterior tibial and the peroneal veins were considerably dilated and communicated 
through two channels, while the posterior tibial vein itself communicated through a fistula 
about 5 mm. in diameter with the posterior tibial artery wliich itself exhibited a saccular 
aneurysm on the side of the artery opposite the communication. This saccular aneurysm 
was well organized and was approximately 1 cm. in diameter. The patient had no difficulty 
foUomng excision and on Feb. 12, 1945, the right calf was explored for the third ’aneurysm. 
The posterior tibial artery and vein were exposed through a posteroraesial incision. Both 
were of normal size and appearance and no thrill was present. On palpation beneath the 
gastrocnemius it was discovered that there was a continuous thrill on the posterior aspect 
of the soleus muscle somewhat mesial to the operative wound. The patient had such large 



sketch showing the location and general appearance of the aneurysms, 
i. o eaort has been made to draw the lesions to scale. (Drawings made by T/5 A. Ossario.) 


well-developed muscles that this area was not accessible through the incision and, conse- 
quently, a second longitudinal incision was made posteriorly directly over this area. The 
gastrocnemius was divided in the direction of its fibers and the soleus was exposed. Within 
the body of this muscle was found a small artery about the diameter of a matchstick which 
communicated with a vein about twice its size through a small saccular aneurysm 1 cm. in 
lameter. These vessels appeared to be muscular branches from the posterior tibial vessels, 
le aneurysm and the communicating vessels were excised, the artery and vein being ligated 
proximally and distaily. The thrill and bruit in this urea disappeared. Much to my sur- 
prise, how'eyer, a fairly loud continuous bruit remained somewhat lateral to and cephalad 
to the incision. Again this area was not accessible through the incision because of the bulk 
of the muscles and a third longitudinal incision was made somewhat higher along the pos- 
terolateral aspect of the calf. The fibers of the gastrocnemius were separated and the 
.'olcus was exposed. In the body of this muscle a small artery was found communicating 
through a fistula with a vein dilated to a diameter of almost 1 cm. This fistula was 
excised with a quadruple ligation of the vessels. They appeared to be muscular branches 
from the peroneal vessels. 

Following excision of these four aneurysms the patient recovered uneventfully. He no 
longer had any edema and he was able to walk without discomfort. There was no significant 
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difference in the circumference of the two lower extremities. Botli feet remained warm, 
although on actual measurement with a thermocouple the toes of the right foot tended to be 
somewhat warmer than those of the left. In a room at 23" C. the temperature of the right 
toes varied from 32 to 33 and those of the left from 28 to 30. Both dorsal pedal and the 
right posterior tibial pulses were normal, while the left posterior tibial pulse was absent. 
-Oscillometry at the ankles was 4.5 at 90 mm, on tho right side and 3.5 at 90 mm. on the 
left. The patient had recovered fairly normal power of extension of the right foot and had 
regained fimction of all the toe extensors save for the great toe. On walking at a fairly 
brisk pace for over a mile he experienced no undue fatigue in either leg. His pulse was 72 
and blood pressure 108/72. There had been no reduction in cardiac size. The predicted 
frontal cardiac area for a man of his height and weight was 124 sq. cm. Actual measure- 
ment was 112 sq. cm. on admission and remained precisely the same on three subsequent 
x-ray examinations. An electrocardiogram done before the operations showed no diagnostic 
deformity. Since the peroneal paresis had so nearly disappeared, a neurosurgical consultant 
agreed that no operative procedure was indicated. The patient was returned to duty. 

DISCUSSION 

A case is presented which illustrates the great care which is necessary in 
order to avoid overlooking the pi’esence of arteriovenous aneurysms, particu- 
larly if they are relatively small and multiple. This patient had four arterio- 
venous communications, the first of which was not recognized until two and 
one-half months after injury and the last of which was discovered only on the 
operating table after excision of the third. Not only should careful auscultation 
and palpation he an essential part of the examination of every wounded patient, 
but palpation for thrill and auscultation for bruit should invariably be carried 
out during the final stages of any operative procedure performed for the cure 
of arteriovenous aneurysm. 

It is of interest that of the four arteriovenous aneuiysms present in the 
patient reported, two were associated with small saccular aneurysms and a third 
was a double fistula in wliich the artery communicated direetlj’- with two com- 
panion veins. 

CONCLUSION 

A case is reported in wdiich four distinct arteriovenous aneuiysms occurred 
in a single individual. The importance of careful examination preoperatively 
and at the close of operation in the recognition of arteriovenous aneurysms is 
discussed. 


SKIN TEANSPOSITION IN INCISIONAL DEFECTS 

A Modification of the Z Plastic for Primary Skin Closure Following 
Extensive Breast Surgery 

Edwin S. Sinaiko, M.D., Chicago, Tt.t, . 

F requently the radical surgery of breast carcinoma requires the sacrifice 
of large areas of skin. When closure of the incision is attempted in these , 
patients, the surgeon may find that he cannot bring the skin edges together and 
a large defect is left. This defect, although it may be in any part of the in- 
cision, is usually seen in the center. The three methods ordinarily used to coyer 
this gap with epithelium are (1) by granulation and eventual epithelizatiofa 
across the defect from the bordering skin edges, (2) by skin grafting either 
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immediately or after grantilation has proved that spontaneous epitheli^^tion 
cannot occur, and (3) by the transposition of skin ’flaps. The standard text- 
boolis in surgery describe fully the different methods of skin grafting and the 
usual methods of mobilizing and transposing skin flaps into such a defect. 

I Avish to report a method of' skin transposition used to close extensive skin 
defects. This metliod is a modification of the Z plastic which appears in the 
literature and in texts on the subject; it is one which has been found very useful. 
Because of the almost constant presence of skin redundancy in the region of 
the anterior' axillaiy line, this operation lends itself especially to breast surgery. ' 
However, it Avill be found useful in any situation where there is an excess of skin 
along the border of the incision which must be transposed before it can be 
utilized. 



n Fi(i ill 
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fig it 


Figs. I to V. 


Following a mastectomy on the seiwice of Dr. Max Cutler, where the patient 
required a wide removal of the skin overl 3 dng the tumor, it was impossible to 
close the skin wound in the region of the defect. This difficulty was increased 
because the tumor was in the upper central segment of the breast in a position 
whore under optimum conditions there is practieallj- no excess of skin (Fig. I). 
If tlie medial and lateral flaps were undermined, the upper and lower angles of 
the incision could be closed, leaving a central defect (Fig. II). This skin iax- 
ness wliicli could be taken up in a fold at right angles to the long axis of the 
incision is quite a constant finding and a dependable source of skin for flap trans- 
position (Pig. Ill) . Judgment as to how much skin could be utilized was obtained 
bj" pinching the fold between the thumb and forefinger. All of the utilizable 
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skin then lay between the thumb and forefinger. The thumb and forefinger, 
since they were able to bring together the moderately taut skin above and below 
the proposed flap, also outlined the skin borders of the flap to be closed after 
flap transposition. 



Fig. VI — Appearance of the operative incision six weeks after surgery. 


An incision was then made mobilizing the flap (Fig. IV), extending along 
the broken line from A to B to 0, G to E being the pedicle of the flap. A’ to B' 
to G' to E now outlined the limits of the skin flap itself. B' , the apex of the 
mobilized flap, was then carried to angle E (the upper angle of the defect) and 
sutured into position. Point A was then carried to point G and sutured. The 
transposition having been effected, appropriate sutures were placed which com- 
pleted the operation (Fig. V). Pig. VI, a photograph of the patient described, 
shows the result of the plastic procedure six weeks after the surgeiy. 


THE USE OP COTTON SUTURES IN LOWER ABDOMINAL SURGERY 


H. Jacob Flax, M.D., Morows, Puerto Rico 


T he successful use of cotton tliread as suture material depends on the close 
adherence to the principles laid down by Halstead^ for silk. This is a very 
exact technique, and strict attention must be paid to place the suture carefully 
in order to avoid any added trauma by needless strangulation of the tissues bf 
the wound. Cotton is an excellent suture for non traumatic surgery, since being 
weaker than silk, linen, or catgut, it breaks more readil}^ when too much pressui'e 
is applied. 

The size of the suture used is of no great importance as long as the tensile 
strength of the thread is greater than that of the tissue approximated. Inter- 
rupted sutures are generally used,^'” although I'^ have had successful results 
sewing the layem of the abdomen with continuous threads. Nevertheless, cotton 
does 1 promote a foreign body reaction, and therefore, the least possible amount 
of this thread should be used. 


Sometimes, in order to avoid using much of this nonabsorbable material, 
the surgeon is negligent in tying off the small blood vessels, which very often 
results in the foi-mation of a hematoma that spreads the wound open and delays 
healing. Careful hemostasis is essential and, in my opinion, is the most impor- 
tant single factor in the technique of using cotton sutures. There must be ac- 
curate reapposition of the divided structures without tension. A layer of the 
womid that requires a heavy suture to bring it together was not meant to be 
united. As Thorek and associates’® said, “All that can be expected of a suture is 
that it will keep the tissues approximated. The process of healing is a natural 
phenomenon and occurs in spite of the suture used. ’ ’ 


Ginkovskiy,” after experimenting on 100 animals and 23 human beings, ad- 
vocated the use of cotton in surgical procedures on man in 1936. Following the 
leport of Meade and Ochsner,^ in 1939, the use of cotton as suture material has 
become widely applied. , These authors reported that, of 196 different major 
operations, 191 wounds healed by primary intention. There were 3 serious and 
2 minor infections, all of wliich healed without sinus formation. No. 30 plain 
cotton or “heavy duty” mercerized was used for the approximation of the 
peritoneum and fascia; No. 10 crochet cotton was used for retention and 
through-and-thfough sutures; No. 60 for ligation of small blood vessels and 
subcutaneous fat, and No. 50 black thread for the skin closure since it can be 
seen more easily than bloodstained white thread. 

Localio and Hinton,® at the New York Post-Graduate Hospital, used cotton 
thread in more than 50 major operations and found it to be satisfactory and 
economical. Cotton sutures have been used routinely at the Charity Hospital 
of New Orleans for eighteen months in over 1,600 cases.® A stud 3 ' of 465 con- 
secutive wounds in which cotton was used demonstrated it to be highlj- satis- 
factorj’. Thorek’ followed Tajdor’ in using onls* one-sized cotton thread, No. 24, 
for cvcrTi" t\'pe of suture from peritoneiun to skin closure. 
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Nelson, and Collins® reported on 160 gynecologic and obstetric cases in which 
cotton suture was used exclusively. The heaviest suture used was No. 40 in 
total hysterectomy, while No. 80 and 120 were used throughout in pelvic and 
plastic repairs. These authors pointed out that the successful use of these su- 
tures depends on the adherence to the principles of Halstead,^ which include such 
an exactness of technique that the operating time is slightly increased. In 115 
cases with abdominal incisions there were no serious iround infections, and the 
incidence of slight infections was only 8.5 per cent as compared to approximately 
20 per cent in similar cases during the preceding years. Although the patients 
were all ambulatory twenty-four to fortj''-eight hours after operation, there were 
no wound disruptions. The great degree of comfort was due, in my opinion, to 
the lack of tissue reaction to the suture material. 

Pannet,“ in making a plea for tlie wartime use of cotton sutures, discussed 
his method of suturing a laparotomy wmund vuth removable continuous sutures. 
The peritoneum and posterior and anterior rectus sheaths are sutured sepa- 
rately with cotton threads, the ends of which are brought out of the skin and tied 
around a piece of rubber tubing. In eight to ten days, the ends are cut and the 
thread is dra-wn out of the wound. Hanly'® obtained excellent results by sub- 
stitriting cotton and linen sutures for catgut in herniorrhaphies, and by the lib- 
eral use of sulfanilamide powder in the wound. 

An interesting report is that of Sparkman and "Williams® who, in a tent, 
performed 124 consecutive appendectomies on soldiers engaged in field maneuvers 
simulating warfare. No. 20 or/8 cotton was used for ligating the mesoappendix. 
The peritoneum and the layers of the McBuraey incision were closed with inter- 
rupted No. 50 or 80 cotton thread ; No. 100 white thread was used for ligating 
the blood vessels beneath the slrin, and No. 80 black thread for sldn closure. 
There were 79 appendectomies with histopathologic evidence of acute suppura- 
tion; 27 of these were gangrenous. There were 2 cases of perforation and 2 
eases of contamination; these 4 were drained. Of the 120 clean cases, the in- 
cidence of wound infection was only 0.83 per cent. These results seem to justify 
the conclusion that cotton thread is satisfactory for field use in clean, con- 
taminated, or infected wounds. 

Thorek and co-workers'® used cotton thread in over 400 cases, including 
patients with perforated appendices and diabetic gangrene, "with an incidence of 
infection of less than 4 per cent. They reported no draining sinuses, although 
cotton was intentionally used in infected wounds. In their last 20 leg amputa- 
tions, there were only 2 infected wounds, and in both cases catgut and silk were 
used. 

Word and Brock" reported over 200 cases from Camp Shelby, in which 
cotton suture was used. In 22 contaminated wounds, 19 healed by primary 
union, with 3 wound infections and 1 draining sinus; in 198 clean cases, 195 
healed by primary union with 3 infections and 2 draining sinuses. These au- 
thors stated that the success of cotton suture depends upon the strict attention 
to the fundamental surgical principles. They claim an increased operative time 
of 15 to 20 per cent and, therefore, do not advocate cotton as a good wartime 
suture. 

hleade and Ochsner® found cotton thread to be an extremely satisfactory 
suture as it is easily sterilized, flexible, and produces little tissue reaction. 
Sterilization is accomplished by boiling for twenty minutes or by autoclaving 
for fifteen minutes at fifteen pounds pressure %vith the cotton wound on a rubber 
spool or a spool %vhieh does not expand in water, as the cotton shrinks and the 
fibers may be broken. 
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Thorek" said that cotton may be buried in infected wounds without in- 
ducing sinus formation, as occasionally happens when silk sutures are used. 
He has shown that there is no infiltration of leucocytes into cotton and conse- 
quently no formation of granulation tissue, since cotton fibers have a natural 
tendency to twist upon themselves, and not fray as silk or linen. This may 
explain the absence of draining sinuses in cotton-sutured wounds, since it is be- 
lieved^ that the infqeted granulations imbedded in the silk give rise to these 
sinuses, which are not cured until the silk thread is removed. 

Wounds sewn with cotton result in rapid healing without any serum ac- 
cumulation. This is termed “dry” healing by Thorek,'' since cotton sutures 
produce a minimal amount of exudate, and fibroblastic proliferation appears 
early. The use of catgut produces “wet” healing associated with an excessive 
fluid exudate and delayed fibroblastic appearance. This lack of wound irritation 
enables the patient to have a smoother postoperative convalescence with very 
little wound discomfort and earlier healing. None of the reports notes the de- 
velopment of foreign body tumors or unusual keloid formation. 

Dry cotton has less tensile strength, size for size, than catgut, silk, or lipen, 
hut it shows less decrease in tensile strength (break strength) than the others. 
After sutures were imbedded in tissue for ten days, cotton maintained its tensile 
stren^h at 100 per cent, whereas silk, linen, and catgut had a tensile strength 
loss of 25, 40, and 70 per cent, respectively.^® For this reason the patients may 
be made ambulatory much sooner than in other types of abdominal closure. 

The cotton chosen for suture should be limited to the smallest diameter that 


has greater tensile strength than the tissue in which it is used.^' Wet cotton 
has greater initial, strength than dry cotton, and many surgeons prefer to 
sterilize the thread by boiling rather than by autoclaving, since cotton has 
been sho^vn® to diminish in tensile strength after autoclaving and to increase 
after boiling, j Hoivever, this decrease can be abolished by rewetting the cotton 
before use. Mercerized cotton is much stronger than plain cotton and may be 
used to coaptate tissues under tension. All sutures, although cotton has a high 
coefficient of friction and is not likely to slip after the first throw of a square 
knot, should be tied with a triple throw knot and then cut on the knot.’® 

At the Manati Municipal Hospital an experiment was begun in December, 
1942, using buried continuous cotton sutures in all the layers of the abdominal 
wall except in hernia repair, where interrupted sutures were used. This method 
of suturing was first used in small midline incisions for post-partum steriliza- 
tions, and since the results were excellent, the same technique was applied to 
other types of abdominal closure. One hundred fifty-one lower abdominal op- 
erations ivere done; 87 midline incisions divided into 43 laparotomy and 44 
post-partum (the latter incision is only two inches long as compared with the 
usual midline wound of four to six inches), 10 McBurney, 38 right rectus, and 
inguinal. Two of the midline incisions were for cesarean section; the uteri 
veie closed with catgut, but the peritoneum and layers of the abdominal wall 
were sutured with cotton. 


. There w’as 1 postoperative hernia following a post-partum midline incision, 
his woman had a rcmarkablj’- relaxed abdominal wall with diastasis recti at the 
time of operation. Subsequentlj’’, she not only developed an incisional hernia, 
but a separation of the fascia in the midline from above the umbilicus to the 
sjunphysis pubis. This extensive ventral hernia was repaired successfully ten 
months later using only interrupted cotton sutures in the fascia, after closing 
the peritoneum ulth a continuous suture. At this time we obtained a sample 
o tissue (Fig. 1). There was dense fibrosis in the operative field and no vestige 
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postoperative day despite local implantation of sulfathiazole and the taking of 
sulfathiazole b 3 ' month. Healing took place in four months, only after all the 
cotton thread had been expelled. 

In nine post-partum incisions done under 1 per cent novoeain-suprarenin 
local anesthesia, the formation of hematomas delaj’-cd wound healing b}' spread- 
ing the subcutaneous tissues. Three wounds were brought together with sec- 
ondary sutures, and the rest healed well bj’- approximating the skin edges ■with 
flamed adhesive. 

"With the exception of the two cesarean sections which showed several small 
stitch abscesses, all the midline incisions healed witliout an}-' infection. Two of 
the inguinal wounds had some drainage from small subcutaneous hematomas and 
slight infection of the skin edges. (The inguinal operations were all done under 
local anesthesia, 1 per cent novoeain-suprarenin solution.) After the sutures 
were removed on the eighth postoperative day, both woimds healed well with- 
out any discomfort to the patient. With the exception of the herniorrhaphies 
the patients were allowed to sit up on the second daj*, but were not allowed to 
walk rmtil the sutures were removed from the skin, usuallj' bj’’ the eighth daj*. 

After experimenting with all sizes of cotton thread mentioned in the liter- 
ature, we found that one-sized cotton. No. 50, gave the best results. Where a 
stronger suture was needed, such as for ligating the base of the appendix, this 
size was doubled. Since the thread is autoclaved with the instruments and used 
dry, it breaks vexy easilj^ if too much strength is applied to tie the flrst few 
knots, but as the thread becomes wet with the secretions of the wound, it becomes 
stronger. Also, it is umvise to autoclave cotton thread more than one time, if 
it is to he 'used drj’-, since with each sterilization the cotton becomes weaker and 
breaks more readily. The cost of this tj'pe of suture is so small that all unused 
packets are sent to the emergency room and not used in the operating room 
again. The cost of suturing an abdominal woxxnd with cotton is less than 2 cents, 
as compared with $1,50 for catgut. 

The operative technique folloxvs that of catgut with the exception that a 
triple-thro-\v squax-e knot is used, and the suture is cut on the loiot. All pelvic 
work and peritonealization is done ■with continuous sixtures. The larger vessels 
are ligated wdth No. 50 thread, and urxless there are any active bleeders in the 
subcutaneous tissues, no vessels are tied; also, the subcutaneous la 3 'er is not 
sutured. The superficial bleeding is usually controlled by the interrupted deep 
mattress sutures in closing the skin. No through-and-through sutures are 'used, 
but Taylor stated^ that if they are used, the 3 - act as subfascial as well as sub- 
cutaneous drains, which ma 3 ’^ explain the absence of serum accxxmulation in the 
wounds of his cases. At least 5 6m. of sulfonamide poxvder are sprinided in 
the abdomen and la 3 ""ers of each wound. The skin sutures ai’e usxxall 3 ^ removed 
on the seventh or eighth postoperative day. 


T.VBLE I. Summary of Cases 



NO. 

PRIMARY UNION 

■WOUND INFECTION 

EEMAKKS 

Clean cases 

Contaminated cases 

143 

S 

130 

7 

2 

5 

2 incisional hernias, 11 
hematomas 

1 sinus 

Total 

151 

137 

7 

. 


COMMENT 

From the experience in this group of cases the following principles con- 
cerning the use of cotton thread sutures may be stated 

1. Single unit. No. 50, cotton thread is used throughout the wound.^ 
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2. Continvioiis suture is permitted in the peritoneum as well as the fascial 
layers of the lower abdominal wall. 

3. Transfixion sutures and figure-of-eight fascial and mattress retention 
sutures are not necessary, 

4. ' The closure of the subcutaneous fatty layer is not necessary. 

SUMMARY 

1. Continuous cotton thread sutures have been used successfully in the 
peritoneal and fascial closure of lower abdominal wounds, thus speeding up the 
time of operative teclmique to equal that of catgut. 

2. Single unit, No. 50, cotton thread is recommended; where stronger suture 
is needed, tliis thread is doubled. 

3. Two cases of incisional hernia ai'e reported. Nine cases of hematoma 
formation in post-partum midline incisions done under 1 per cent novoeain- 
suprarenin local anesthesia were noted, emphasizing the need for meticulous 
hemostasis. In none of these eases did the wound disruption extend below the 
subcutaneous fatty layer, although one wmund discharged the hematoma ten 
days postoperatively aftei- the patient had been sent home. 

4. The advantages of cotton thread are ; low cost, easy availability ; stability 
on exposure to heat and moisture, and ease of sterilization ; a high coefficient of 
friction allowing the tying of secure knots, and, last, it does not irritate the 
wovmd, since it produces no tissue reaction, thus affording greater comfort to the 
patient. 

5. The only disadvantage to the use of cotton is its lower initial tensile 
strength as compared with catgut, silk, or linen, but this is offset by the greater 
retention of tensile strength in the tissues. 
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Book Reviews 


Hypertension and Hypertensive Disease. -By Williain Goldring, M.D. and Herbert Chasis, 
M.D., Now York Universit 3 " College of Medicine. Ed. 1. Pp. 232. New York, 1944, 
Commonwealth Fund. $3.50. 

In this book the authors accomplish what thcj' clearh' state in the preface to be their 
objective, “a concise presentation of our concepts of hj'pertension and hj'pertensive 
disease.” The renal functional studies of Dr. Homer W. Smith and the clinical ap- 
plications of these techniques to the hj'pertensive patient are well described. The sec- 
tions of the book devoted to this subject and the appendices dealing with the techniques 
of the various procedures are in themselves extremelj- worth while. In addition the chap- 
ters on medical and surgical treatment, and the management of hj'pertension are especiallj' 
to be recommended. 

■« ! 


The 1944; Tear Book of General Surgery. Edited by Evarts A. Graham, A.B., M.D., Pro- 
fessor of Surgery, Washington University School of Medicine, St. Louis. Pp. 736, 
with 271 illustrations. Chicago, 1944, The Year Book Publishers, Inc. $3.00. 

This book presents a number of now operative techniques and new devices useful to 
the surgeon in the performance of operations or management of patients. In the main, 
however, the volume contains, as its editor states, verj’ little which is strictly new. The 
volume contains sections on anesthesia, antisepsis, operative technique, military surgerj’i 
wound healing, tumors, and surgerj' in its regional anatomic aspects. 

The book has come to be an important current source book for the surgeon. Many a 
surgeon who essaj-s to keep abreast of developments in fields of surgery, somewhat unre- 
lated to his own, will find in thumbing through the pages of this book, items of real interest 
which had not come to his notice. Moreover, most surgeons will find in it some items in 
their own particular field of interest which had escaped their attention on first publication. 

The Year Book fulfills a useful function and should be read widely by all who profess 
an interest in improving their orientation in the broad field of general surgery. 


Announcement 

Due to conditions beyond the control of the editors and publishers, several issues of 
the Journal are printed on an inferior grade of paper. Just as soon as the standard good 
grade of paper is available, its use will be resumed. 
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for ten years. An nicer appeared on the left ankle two yeai’S before liis admis- 
sion to the University Hospital and this had failed to heal despite various forms 
of therapy. At the time of his admission it was noted that his vascular age was 
considerably greater than his chronologic age; there was considerable atropliy 
of the skin of the lower extremities, hair was absent on tlie legs, and the periph- 
eral pulses, the dorsalis pedis and posterior tibial, were absent bilaterally. At 
this patient’s second admission, three months following the first, the examining 
physician emphasized the degree of cerelmal arteriosclerosis present. The patient 
had multiple ligations of supeificial varices withoiit effect upon the supramal- 
leolar ulcer. On Nov. 23, 1943, the left superficial femoral vein was ligated. The 
patient tolerated the procedure well and was discharged after removal of the 
sldn sutures. He returned to the outpatient department Jan. 18, 1944, with 
the original supramalleolar ulcer completely healed. However, the site at which 
a cut-domi had been carried out for obtaining venographic studies was infected 
and ulcerated. This cleared slowly with rest, elevation, and sterile dressings. 
On Feb. 26, 1944, two supeidicial varices were discovered near this area of ulcer- 
ation and ligation under local procaine anesthesia. On Feb. 28, 1944, the pa- 
tient’s temperature was 104° F., and there was a diffuse cellulitis of the left 
leg. A diagnosis of surgical erysipelas was made. A regime of complete bed 
rest, elevation of the leg, moist compresses, and sulfadiazine was begun. There 
was eventual extensive sloughing of skin and subcutaneous tissues with the in- 
fection extending into deep muscle and fascial planes. Cultures from the area 
showed Sfapliylococciis mn-eiis, Streptococcus viridaus, and Micrococcus tetragena. 
Despite a varying course tlie patient gradually deteriorated. Because of a 
septic arthritis of the left ankle a guillotine- amputation was done IMay 26, 1941. 
The pathologic specimen showed organized thrombi in the arteries. The patient 
finally became confused and then comatose. Death occurred on June 4, 1914. 
All blood cultures taken during the patient’s illness were negative. 

Had we evaluated this patient’s condition correctly, ligation of the femoral 
vein would not have been done; not only Avas he above the accepted upper age 
limit but physiologically he was much older. It is impossible to decide whether 
ligation of the femoral vein, distal to the profunda femoris branch, had any ad- 
verse effect upon the infection which this patient developed three months later 
as a result of the minor surgical procedui-e carried out. However, certainly the 
underlying arterial disease did contribute greatly to the course of the disease. 
No necropsj^ was obtainable upon this patient so that a final ansAver to many 
of our questions is not foi'thcoming. 

The second patient in this group Avas reported in our previous publication. 
This patient required incision and drainage of a residual abdominal abscess 
four months folloAA’ing femoral Amin ligation. Forty-eight hours after incision 
and drainage, symptoms of an acute arterial embolism appeared in the popliteal 
ai’tery and subsequent amputation Avas necessary. The leg had been asjmip- 
tomatic in the four-month intei-Aml and Ave are of the opinion that the femoral 
vein ligation Avas in no Avay related to the subsequent difficulty. At the time 
of amputation, the operator noted that both artery and vein Avere occluded by 
thrombi. The venous thrombi AAmre aa'cII organized. 

The third patient deserving special attention Avas also reported in the 
previous paper. This patient developed increasing bilateral leg edema asso- 
ciated with enlarging dilated thoracoabdominal veins over a period of tAVO 
months following left femoral Amin ligation. Ligation of the inferior vena caya 
just above the common iliac veins was done. This patient has made a satis- 
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factory convalescence, is edema free, and all leg ulcers have healed and remained 
healed for more than one year. He is asymptomatic and is considered cured, 
a result brought about by vein ligation. HoAvever, the satisfactory outcome must 
be attributed to the vena cava ligation rather than to the ligated femoral vein. 

There still remain twent3'-one patients for consideration (Table I). The 
femoral vein has been ligated on both sides in two of these patients, making a 
total of twenty-three ligations in twenty-one patients. The left femoral vein 
was ligated seventeen times, the right, six times (two patients had bilateral 
vein ligations). The common femoral vein was ligated ten times, the superficial 
femoral vein (femoral vein bejmnd the profunda femoris branch), thirteen 

Table I 


NUMBER 


AGE 

DURA- 

TION 

OF 

SYMP- 

TOMS 

DATE OF 
VEIN 
LIGATION 

SIDE 

LEVEL 

OF 

LIGA- 

TURE 

SIZE 

OP 

ULCER 

PRE- 

OPER- 

ATIVE 

(CM.) 

PRESENT 

STATUS 

OF 

ULCER 

o 

u 

o 

< 

w 

Q 

EXTERNAL SUPPORTS 

LIGATION VARICES 

O 

55 

W 

u 

o 

< 

> 

EASE OP FATIGUE 

30 

4yr. 

9/11/43 

Eight 

c* 

2x2 

Healed 

+ 

+ 

+ 

0 

0 







lyr. 






26 

10 yr. 

9/22/43 

Left 

St 

4x4 

Healed 

0 

+ 

+ 

0 

0 







1 mo. 






44 

14 yr. 

10/19/43 

Left 

c 

3x4 

Healed 

0 

+ 

+ 

0 

0 







lyi. 






29 

7 yr. 

10/14/43 

Left 

c 

3x3 

Grafted, 

+ 

+ 

+ 

■¥ 

+ 







healed 






43 

4yr. 

10/20/43 

Left 

s 

None 


+ + 

0 

0 

+ 

0 


34 yr. 

10/20/43 

Eight 

s 

None 


+ + 

0 

0 

+ 

0 

69 

32 yr. 

11/ 2/43 

Left 

s 

2x2 

Healed 

0 

0 

0 

0 

0 







lyr. 






53 

2 mo. 

11/ 5/43 

Left 

c 

None 


0 

0 

0 

0 

0 

27 

3yi. 

11/ 9/43 

Left 

s 

Surr. 

Healed 

0 

0 

0 

0 

0 


532,514 

526,215 

331,424 

534,858 

451,929 

282,432 

536,332 

533,703 


534,932 57 10 yr. 11/19/43 Left 


en- 1 year 

tire 

ankle 

3 X 24 Healed 


535,940 

58 

3 mo. 

11/23/43 

Left 

C 


None 


535,678 

47 

44| yr. 

11/24/43 

Eight 

C 


None 


464,686 

55 

10 yr. 

12/ 4/43 

Left 

C 


3x4 

Healed 

525,436 

30 

5 yr. 

12/ 6/43 

Left 


S 

24x11 

lyr. 

N'ot 

519,228 

534,810 

33 

2yr. 

12/ 8/43 

Left 


S 

1x14 

None 

healed 

43 

2yr. 

12/31/43 

Left 


S 

2x1 

Healed 








2x2 

4 mo. 




5/15/44 

Bight 


S 

2x2 

Healed 

519,177 

14 

Oyr. 

1/ 8/44 

Left 


S 

1x3 

4 mo. 
Healed 

219,340 

500,492 

482,504 

54 

10 yr. 

1/11/44 

Left 

C 


None 

1 mo. 

64 

32 

3 mo. 

4 yr. 

1/13/44 

1/13/44 

Eight 

Biglit 


s 

s 

None 

2x3 

Not 

301,423 

52 

2yr. 

1/21/44 

Loft 


s 

1x1 

healed 

Healed 

545.940 

37 

15 yr. 

6/23/44 

Left 

C 


3.5 X 5 

1 JT. 
Healed 









3 mo. 

552,762 

557,450 

47 

4 JT. 

S/lS/44 

Left 

C 


5x2 

Healed 

54 

2yr. 

10/24/44 

Left 

C 


5x5 

Grafted, 

' 380.434 

— i 

•11 7yr. 

t' 1 

7/ 2/43 

Eight 

C 


5x4 

None 

healed 


Death 6/4/44 fol. severe leg 
infection post ligation vaiices. 
Ligation Inf. Vena Cava 
1/26/44 

4 + 1 - 0 0 0 + 

+ + 0 0 0 


+ 0 
+ + + 0 


+ 

+ 

0 

+ 

+ + 
+ 

+ 

0 


+ 

+ 

0 

0 

0 

+ 

0 

0 
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0 

0 

0 

0 

0 

0 
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0 

0 

0 

0 

0 


0 

+ 

+ 1 Weight 
( bearing 
^ f left leg 

0 J 


+ 

+ 


0 (6 mo. 
preg- 
nant) 

0 

0 


13/0/-13 arterial embolus 
11/22/4" amputation 


Common femoral vein. 
tS. Supertlclal femoral vein. 
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times. Fourteen of these patients had chronic ulcerations about the ankle at 
the time of femoral ligation; one of these had a bilateral ligation with ulcei's 
present on both ankles, thus making a total of fifteen ulcers so treated. 

Of the fourteen patients with ulceration, six have now had complete healing 
of the ulcers for one year or longer; the one patient with bilateral ulceration 
and bilateral ligation has had complete healing of both ulcers for four months. 
The ulcers of three patients have been healed for three months or less; another 
patient’s ulcer has been healed for some time, but the exact length of time is 
not known. In two patients onlj’- is the area of chronic ulceration unhealed at 
the present time. Upon two patients, excision of the ulcer and grafting has 
been necessary. Upon the first patient a full-thickness graft was placed, an 
excellent take obtained, and the graft remained satisfactory for about six months. 
Partial regrafting was done elsewhere and to date this has remained satisfac- 
tory. The patient reports visibly distended varicose veins bnt has failed to 
return for treatment of these. Upon the second patient Eeverdin grafts were 
placed on two large ulcers. The grafts have remained on one ulcer to date 
(four months) and are satisfactory. A portion of those on the second ■were 
lost and have recentlj' been replaced. 

In five patients ligation of superficial varices became necessary follomng 
femoral vein ligation. There is a vaiying degree of rise in the venous pressure 
of the left following femoral ligation. It is possible that valves formerly com- 
petent are no longer so with this rise in pressure; more likely vessels with al- 
ready incompetent valves become more prominent, elongated, and tortuous with 
the resulting rise in intravascular pressure. It has been necessary to watch 
carefully for the appearance of these varices since they have been responsible 
for the failure to heal of sevei'al ulcei’s and, where healing has occurred, re- 
appearance of the ulcer has coincided with the appearance of varices. One 
patient whose ulcer has failed to heal to date was discharged against advice 
from the hospital and has failed to return since that time. She reports no 
varices but very probably these are present and failure to heal maj'- well be due 
to their presence. The second patient Avith an luihealed ulcer has also failed 
to return for examination. 

Seven of the twenty-one patients did not have xdeerations about the leg or 
ankle at the time of femoral vein ligation. These seven patients Avere admitted 
for treatment because of SAvelling, pain, and marked ease of fatigue. Eeports 
from aU but one of these patients up to the present time indicate that there 
has been little improvement in the degree of SAxmlling as compared with their 
preoperative status, and, in addition, ease of fatigue Avith exercise continues to 
be a prominent symptom. In none of this group have ulcerations appeared and 
only one patient shows evidence of superficial varices. These she has refused 
to have ligated up to the present time. Only one patient in this group is com- 
pletely asymptomatic. 

In this group of seven patients, Avithout ulceration at the time of femoral 
vein ligation, there has been little improvement from this form of treatment. 
Theoretically the patients in this group should respond Avell, perhaps better 
than those patients with ulceration, since the local and regional soft tissue, 
vascular, and periAmseular reactions to chronic infection are absent. There 
has been a variable relief of pain, characterized as aching, which may be the 
result of some release of vasospasm. 

The level of femoral vessel chosen for ligation has been based upon the 
presenting sign^arid symptoms, pain or swelling extending above the level of 
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the knee, or the historical evidence of the extent of the original thrombophlebitic 
process as obtained from the patient at the time of admission. In those patients 
in whom there was evidence of involvement of the femoi’oiliae system above the 
level of the profunda femoris vein, ligation of the common femoral vein was 
carried out. In the remainder, ligation of the supeilicial femoral vein was 
done. The degree and extent of postoperative residual edema are equally dis- 
tributed between those patients with ligation above and below the profunda 
femoris branch. Likewise, the number of superficial varices appearing after 
femoral ligation also seems to bear no relation to the level of ligation since they 
are equally distributed in the Lvo groups of patients. In so far as we are able 
to judge, the level of vein ligation, above or below the profunda femoris branch 
bears little I’elation to the degree or duration of postoperative edema, to the 
appearance of superficial varices postoperativelj’’, or to the end result. 

ILIAC VESSEL LIGATION 

We have had occasion to ligate the common iliac vein in only one patient 
where a long-standing phlebitis was present. This patient had had a post- 
abortal femoroiliae thrombophlebitis thirteen 3 'ears previous^ with exacerba- 
tions at intervals, particularly during subsequent pregnancies. No ulcerations 
were present at the time of her admission to the University Hospital. However, 
there had been a mild flare-up of the phlebitic process recently and one day 
pre-admission, the patient had a sudden onset of severe chest pain. Hemoptysis 
did not occur until after admission to the hospital. The patient’s subsequent 
course and response to therapy was such as to lead to a clinical diagnosis of 
pulmonaiy infarction. The left common iliac vein was ligated, extraperitoneally, 
an Sept. 8, 1944. No clot was present within the vein. The vein was ligated in 
continuity. The patient’s course postopei’ativelj^ was good and there was marked 
subsidence of the left leg edema at discharge. 

This patient was readmitted Dec. 12, 1944, because of continued edema of 
the left leg. A course of five daity lumbar sympathetic procaine injections was 
giwn. With each injection there was drjmess and increased warmth of the foot 
and leg. The patient Avas kept at complete bed rest for the five daj's and all 
measurements of the leg on discharge were the same as on admission. There 
AA as s ight lessening of the induration in the supramalleolar areas. 

^ Vein ligation Avas done in this patient primarity for a probable phlebothrom- 
OS3S superimposed upon a chronic thi’ombophlebitis. There AAms little improve- 
ment ovei the preoperatiA’’e state of the leg in the three months immediatelj" 
0 oAAing operation. Postoperatwe lumbar procaine injection produced little 
Clause m the condition of this patient’s leg. 

AmNA CAALV LIGATION 

Ihe inferior vena cava has been ligated upon seven patients Avith a long- 
standing phlebitis of both loAver extremities (Table II). Three of these patients 
lad long-standing slasic ulcers about the ankles. The remainder complained 
only of pain, sAvelling, and ease of fatigue. The first patient upon Avhom this 
pi'ocedure Avas carried out had had ligation of the common femoral vein tAvo 
months jireviouslj’. There Avas progression of the thigh edema as avcII as 
niai-ked progressive dilatation of the thoracoabdominal veins. The second jm- 
ticnt so treated had primary liealing of the supramalleolar uleer Avitli subsequent 
ireakdown. She has been recently treated by excision of the ulcer Avith grafting. 
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In all of the patients with pvcoperativc ulcers there has been healing during tlie 
ten-day postoperative period following caval ligation. 

It is to be noted that all of the patients, with the exception of one with a 
recent ligation, have had a variable degree of postoperative edema. This has 
been less than that which occasionally occurs following ligation of the femoral 
vein, particularly for phlebothrombosis. Tlie first patient upon whom ligation 
of the vena cava was done has now passed tlie twelve-month period following 
ligation and has no edema, although prolonged trial without external supports 
has not been tried. No edema is present when the clastic hose are not worn for 
short periods. He is able to carry on his occupation as a farmer without pain 
or fatigue. All of the remainder of the patients in this group are still wearing 
supports constantly and by this means arc able to control the edema v'cll. 
Fatigue, in each of these with edema, is still present to some degree. 

Table II 
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DISCUSSION 

It is to be noted that in this group of patients upon whom vein ligation 
has been tried as a definitive form of therapy in the treatment of their chronic 
deep thrombophlebitis, the intensity and care with which they have been fol- 
lowed and observed during their postoperative period are much greater than 
that usually given patients with this disease. Tliis has undoubtedly influenced 
greatly the end results seen in this small group of individuals. Had this not 
been done, the good results up to the present time might well have been no 
different than with the multitude of other forms of treatment outlined in the 
past for this group of patients. How much the end results are influenced by 
the operative procedure and how much by the constant postoperative care can- 
not be stated. 

The outstanding end result that can be reported up to the present time is 
the high incidence of healing of stasic ulcers. In each group of patients, those 
treated by femoral vein ligation and those by vena caval ligation, there has been 
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immediate and permanent healing of a certain number of nleers. There is a 
second group of patients in whom liealing has been long delayed, or in whom 
healing has occurred with subsequent reulceration and subsequent healing only 
after ligation of newly pi-esent supci-ficial varices. In one individual (No. 
526,215) this has occurred four times, healing occurring promptly after ligation 
of the newly discovered varices. Thus, each of these patients must be watched 
carefully over a period of at least one year’s time for appearance of varices in 
the superficial venous system. Despite the fact that the appearance of these 
suggests that they are a portion of the developing collateral venous sj^stem, liga- 
tion is imperative since their persistence presages a recurrence or reappearance 
of stasie dermatitis and rxleeration. 

The most disappointing patients have been those upon whom ligation has 
been done in the absence of stasie ulceration. A large number of this class of 
patients will eventually develop induration, pigmentation, and ulceration, per- 
haps many years later. In these individuals venous ligation was considered an 
attempt not only at therap}-^ but at prophylaxis. From the standpoint of ther- 
apy, the treatment may be considered a failure. Dependent edema and ease of 
fatigue appear to be little relieved while pain is still present though unpre- 
dictably diminished in some. It remains to be seen whether subsequent ulcera- 
tion has been prevented in these patients. 

A compainson between those patients treated by femoral vein ligation, iliac 
vein ligation, and caval ligation cannot be made at the present time. The magni- 
tude of the operative procedure is considerably greater the higher in the venous 
tree^ ligation is canned. To date no deaths have occurred among those patients 
subjected to iliac or caval ligation. The immediate end resiilts appear to be 
the same, although sufficient time has not elapsed to make an accurate compari- 
son. Unfavorable late sequelae to iliac or caval ligation have not been un- 
countered. 


VENOUS PRESSURES IN DISORDERS OP THE VENOUS SYSTEM 
OP THE LOWER EXTREMITIES 

Lieutenant Colonel M. Daw^son Tyson and Captain William C. Goodlett 
SIedical Corp.s, Army of the United States 

|T SEEIdS worth while to report some observations on the venous pressure found 
ni isordem of the venous .system of the lower extremities. The direct de- 
ummatiou of the venous pressure in the lower extremities is not often made. 

ns IS due in part to the fact that the value of the estimation of the venous 
piessiue has not been frequently called to the attention of surgeons and in part 
lo t le technical difficulties in performing the task. 


technique 

There are several methods for determining tlic venous ])re.ssure. Tlie mefh- 
m s used in this work are as follows: The venous ])re.ssure is taken in one of tiie 
vtms o f the foot or ankle. In most instances the saphenou.s vein near the in- 

for public.itlon, July 2S, 1943. 
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femal malleolus is the most satisfactory vein to use. The patient is placed in 
the supine position and the table adjusted so that a ba.se line corre.sponding 
to the auricular level of tlie heart can be measured on the manometer. There 
are two methods that we use. Either method is satisfactory. The largest caliber 
needle that can be introduced in the vein is used. The most satisfaetorj" size is 
No. 19. 

In one method the system of tubing is filled with normal saline solution. 'The 
three or four inches of tubing to be attached to the needle is then filled with 2^4 
Ijer cent sodium citrate solution and the glass connector attached to the needle 
already in the vein. The saline solution in the glass tubing is slightly above the 
base line of the heart level. Blood is allowed to flow into the cannula and tubing 
and the maximum elevation of saline solution in the glass tubing is read as the 
venous pressure. 

The second method^ is similar to the first except that the sj'stem is filled 
Yuth 2^ per cent citrate solution and a three-way stopcock is used to connect 
the needle and the tubing. The citrate solution in the glass tubing is slightlj' 
above the expected venous pressure. The apparatus is then attached to the 
needle in the vein and the citrate solution allowed to run into the vein. ''i\Tien 
no further citrate solution I’uns into the vein the pressure of the column of 
citrate then equals the venous pressure. 

Both of these methods have been described before. Using these methods it 
is necessary to observe a few precautions to secure accurate results. The needle 
must be a size No. 21 or larger, otherwise there wiU not be a free flow of the 
solution and clotting in the needle may occur. The needle must be introduced 
into the vein with the minimum of trauma to the vein so that local spasm of the 
vein is largely avoided. Blood must flow into the needle freely. The venous 
pressure must be taken in both lower extremities at about the same time for 
purposes of comparison. 

There are many instances in which the determination of the venous pres- 
sure in the lower extremities will provide diagnostic or prognostic information. 
It is known that when the femoral vein is ligated in the hind leg of a dog the 
venous pressure in this extremity immediately rises.- In this article it is shown 
that the venous pressure in the lower part of the leg of human beings wiU rise 
when the femoral vein of the lower leg is occluded. At what level it is necessary 
for the veins of the lower extremities to be occluded in order for the venous pres- 
sure at the foot to rise is not knovm, but it is knovm that when the superficial 
femoral vein is occluded by a clot of blood the venous pressure at the ankle and 
foot rises markedly. 

A large number of venous pressure determinations have been made. Cases 
1, 2, and 3 are cited as examples : 

Case 1 .— A right pelviolithotomy was done on March 19, 1945, for calculus disease. No 
evidence of phlebothrombosis in either leg was recognized until April 5, 1945, when the pa- 
tient developed signs and symptoms of a left femoral vein thrombosis. The following day 
the left superfci.al femoral vein was opened and a long clot removed. The clot was not ad- 
herent to the vein wall and was removed easily. Small clots were removed by suction prox- 
imally and the vein divided. The venous pressure just before the pUebotomy was 49 cm. 
of water pressure. Immediately postoperatively the pressure in the left saphenous vein at the 
ankle was 60.5 cm. The following day the pres.--ure in the left foot was 47.5 cm. and in the 
right foot 2 cm. 

Therefore, there was a significant and diagnostic elevation of tlie %enous pressure in 
the left saphenous vein at the ankle when a clot was proved to be present in the left femoral 
vein. 
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In thrombosis of the distal vena cava the venous pressure at each anlde wiU 
be high until a collateral circulation is developed which will adequately drain 
the blood from the extremities. 'Whenever there is a bilateral elevation of the 
venous pressure in the lower legs the pressure must also be taken in the arms to 
rule out a general increase in the venous pressure, for example, in congestive 
heart failure. 

An important use of the estimation of the venous pressure occurs in the 
diagnosis of cases of edema of the lower extremities. If the venous pressure is 
normal in the lower legs after exercise, as described by Veal and Hussey,® it is 
fair to assume that the major venous channels of the lower legs are patent and 
that the cause of the edema must be found elsewhere. 

Venous pressure determinations would appear to be valuable in following 
cases of venous thrombosis in the lower extremities during convalescence in 
order, first, to choose the optimal time for the patient to be ambulatory, and sec- 
ond, to regulate his activities. 



Fiff. 1 (Case 1). — Blood clot removed from left femoral vein. 



Fiff. 2 (Case 2). — Blood clot removed from left femoral vein. 


ASE 2. left venous thrombosis occurred in tlie femoral vein fourteen days after a 
e 10 ccjstectomy had been performed. Operation was performed the same day. A long clot 
uas removed from the distal femoral vein, small clots were removed by aspiration from 
10 proximal vein, and the femoral vein was ligated and divided. Two days after the femoral 
vein operation the venous pressure at the left ankle was 241^ cm. and at the right ankle 3.8 
cm. Ono ueek later the pleasure at the left ankle was cm., two weeks later 25 cm., 
ireo \\eeks later 21 cm., and four weeks later 19% cm. At the time of the first venous pres- 
sure isted here, there nas slight edema of the left loner leg. There was moderate edema at 
venous pressure and the edema progressively decreased from that time 


ji r . femoral thrombophlebitis occurred ten months before admission, follow- 

d'lri'' ®'^cpnel wound of the left thigh and perineal region. Edema of the left leg persisted 
^ ^ uionths with a progressive tendency for the edema to improve. Venous 

that ii™ enkle was 21 cm., at the right ankle 2 cm. It was, therefore, concluded 

^ ■' >e eft venous system contained a significant amount of blockage. Ono month later the 
tuit cvvklo was 14 cm. and there was little edema with increasing ac- 

. • us indicated an improiing venous circulation in the extremity. 


COMMENT 

It lias been sbowni that the venous pressure at 
le cnioial vein has been occluded by a blood clot. 


the ankle is elevated when 
‘Whether or not the vcnou.s 
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pressure at the anlcle is increased with a plileholliromljosis in the calf group 
veins is not Iniown. Likewise, whether or not tlie pressure is increased in cases 
in w^hich tlie thrombosis is in the veins of the foot is not known. It may he as- 
sumed tliat with any appreciable amount of venous thrombosis in the lower leg, 
tlie pressure will be increased significantly. 

It is frequently a problem to know in wliieli lower extremity the venous 
thrombus is present or whether the throml)Us is present in botli lower ex- 
tremities. It is suggested tliat venous pressure determinations are useful in 
determining this point and therefore arc of assistance in choosing whicli femoral 
vein to expose at operation. 

It has been suggested'' that venous pr&ssure determinations on the operating 
table may be useful to determine the ])ossible deleterious effect on the lower leg 
should the femoral vein be divided at a given level. In this instance the marked 
rise in venous pressure when the common femoral vein was temporarily occluded 
made it seem inadvisable to divide the femoral vein at this site. 

It is believed that venous pressure determinations are, by and large, more 
accurate than phlebograms to determine patency of the venous system. 

The nonnal venous pressure at the foot or ankle with the patient in the 
supine position and the table tilted so that the anterior surface of the foot is 
level with the auricles is from 2 to 9 cm. of water. 

There is such free venous anastomosis of the veins about the foot and ankle 
that the pressure is equal in any of the veins of this region, so that any available 
vein ma3’' be used to determine the venous pressure. The venous pressure in 
anj' vein at the foot will, when taken under the conditions described, give tbe 
venous pressure in tbe veins of tbe extremity in the aggregate at this level. 

CONCLUSIONS 

1. Determination of the venous pressure in the ankles and foot under basal 
conditions is a valuable procedure from a .surgical standpoint. 

2. When the femoral vein is aeutelj- occluded b.v a clot the venous pressure 
at the ankle is elevated with the leg at rest. 

3. If the venous pressure is normal at the ankle or foot after exercise, it 
maj" be slated that no massive occlusion of the venous s^-stem is present. 

4. Further sludj’' of venous ])rcssurcs is wnn-anted to determine the useful- 
ness and limitations of the procedure. 
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SUECtICAL COEEECTION POE COAECTATION OP THE AOETA 


Eobekt E. Gross, jM.D., Boston, IMass. 

(From the Departments of Surgery of the Children’s Eospital and the Harvard Medical School) 

C OAECTATION of tlie aoiTa is an abnormality which carries a vai’iable prog- 
nosis. In some individuals such a blockage of the arterial pathway is com- 
patible with a long and active life, but in others it leads to incapacitating compli- 
cations or to a shortened life expectancy. Aneuiysmal dilatation of the aorta, 
rupture of the aorta, or superimposed Sft'ejitococnts viridetns infection is occa- 
sionally found. More commonly, the vascular obstruction produces an important 
hypertension (in the upper part of the body) ; with this maj^ come vai'ious ill 
effects of the hypertensive state and possibly a fatality from cardiac failure or 
cerebral hemorrhage. "While the general outlook for some of these patients is 
good, the prognosis for others is poor enough to justif.y attempts at surgical cor- 
rection of the malformation. 

At first, the desire to find a sxirgical cure for coarctation of tlie aorta seemed 
to have little chance of fulfillment. The technical difficulties in working on a 
vessel of this size u-ere at once evident and, indeed, they appeared to be almost 
insuperable. In spite of such forebodings, it was decided to study the problem 
in the surgical laljoratory and to define more elearly the handicaps which must 
be overcome. Beginning in 1938, attempts were made to practice the steps 
which would be necessary for removal of a segment of the thoracic aorta. Huf- 
nagel later joined in this work and after encountering various disappointments, 
it was found that the upper part of tlie descending aorta could be adequately 
mobilized, that a section of it could be excised, and that the remaining ends 
of tlie aorta could be anastomosed in a satisfactory wa 3 \ These experimental 
observations are recorded elsewliere.- Our researches on dogs indicated that 
the aorta could be completeli'' transected and that a normal vascular pathwa.v 
could be reconstructed. AVe became convinced that a similar procedure was 
fundamentally sound for the elimination of a coarctation of the aorta in human 
beings. 

In each of the two cases herin reported, a narrowed and obstructed part of 
the aorta was resected and the eontinuit.v of the vessel was then re-established. 
In the fii-st patient, the anastomosis was .satisfactorily completed, and the aortic 
clamps were quickl.v i-emoved. This sudden opening up of a huge vascular 
bed produced immediate cardiac dilatation and death. In the second patient, 
the aortic clamps were removed very slowly over a period of ten minutes so that 
the cardiac and circulatory readjustments were brought about more gradually. 
AYith this precaution, there were no deleterious effects on the heart, and the 
procedure was well tolerated. 

CASE REPORTS 

C.VSK 1. — P. E, ^vas .a 5-year-ot{l boy wliosc primary complaint ivas frequent epis-taxi? 
(•inro the first year of life. E.xainination slioncd a moderate li^pertenpion in the arms and n 
detii'ient cir<-u1ation in the legs. At operation, June 2S. the aorta nas found to he eon- 

stricted jtm iK>yond the origin of the left .cubelavian artery, the lumen here being no more 
than C to P. mm. in diameter. A section of the aorta about o cm. long iva'- inobilired and 
U’ ccndly prepared clamps neie applied abo\e and below the coarctation. .V segment of 

m-cx-ive.l for |iul>llcalicin. Sept. 11, ISt.'.. 
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vessel containing the anomalous area was then excised. The remaining ends of the aorta 
were united by a continuous mattress-typo suture which included all layers of the aortic wall 
and which everted the edges of the aortic tissues. Upon removal of the aortic clamps there 
was satisfactory hemostasis at the line of anastomosis, but the quick release of blood into 
the great vascular bed of the lower part of the body imposed an enormous burden on the 
heart which dilated rapidly and ceased beating in a few moments in spite of all efforts to 
revive it. 

Case 2. — J. G. W. was a 12-year-old girl who was referred for studj' in the Peter Bent 
Brigham Hospital from March 5 to hlarch 14, 1945. 

The family history was irrelevant. The past historj- indicated that there had been some 
cystitis at 4 years of age and an attack of pyelitis at 9 years of age which was brought under 
control in about two weeks. A tonsillectomy had been performed at 8 years of age. A 
mild bronchopneumonia at 11 years had been treated with sulfonamides. Aside from these 
illnesses, the child had been a rather robust, cheerful, and active individual. 

Illness at Time of Admission . — At 2 years of age, a heart murmur had been detected by 
the family physician. At 4 and 9 years of age, other physicians had again commented upon 
the presence of a heart murmur, but no description of it was available. From about 9 years 
of age until time of admission to the hospital, the patient had frequent frontal headaches, 
and had appeared more excitable and irritable than she had prior to that time. For some 
months there had been intermittent, mild epigastric distress for which the family physician 
had been consulted. The abdominal complaints were presumably related to constipation. On 
physical examination the blood pressure (in the arms) had been found to be elevated. 



Pig-. 1. — Position of patient on table and placement of cutaneous wound. 


Hospital Course . — Among numerous other studies, it was found that no pulsation could 
be felt in the femoral, popliteal, or dorsalis pedis arteries. No blood pressure readings could 
be obtained in the legs. A hypertension was demonstrated in the arms. On most tests the 
systolic pressure varied between 188 and 198 mm. of mercury; the lowest figure was 160 and 
some observations ran as high as 220. On most determinations the diastolic pressure was 
between 110 and 120 mm. of mercury; the lowest figure w-as 98 and the highest was 152. 
The optic fundi showed marked tortuosity of the arteries and slight papilledema. All of these 
findings, combined with other extensive data, led to a diagnosis of coarctation of the aorta. 

On July 5, 1945, the patient was admitted to the Children’s Hospital. 

Examination . — Physical examination showed a well-developed, well-nourished girl, possess- 
ing normal intelligence, and without complaints at the moment. The pulse was 98. The blood 
pressure in the right arm was 190 mm. of mercury systolic and 95 diastolic; in the left 
arm it was 190 systolic and 100 diastolic. No sounds could be heard over the popliteal vessels, 
and no pulsation of the mercury column could be seen in the sphygmomanometer, when blood- 
pressure readings were sought in the legs. No pulsation could be felt in the abdominal 
aorta, femoral regions, popliteal arteries, or dorsalis pedis arteries. Over the entire pre- 
cordium a soft, systolic murmur of moderate intensity could be heard wliicli was loudest oier 
the aortic region. It was not accompanied by a thrill. Over the upper portion of the 
thorax posteriorly, a faint systolic murmur could be heard; tliis was loudest to the left of t e 
spine, and was of less intensity than the murmur over the precordium. In the back, jus^ 
medial to each scapula, pulsations could be felt in the subcutaneous tissues. In the base o 
the neck there were visible and heaving pulsations of the carotid arteries. In the supra 
sternal notch was a forceful impulse presumably transmitted from the aortic arch. 
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Lahoratory Data . — ^Urino oxaniinations ivere negative. Ilemoglobin was 91 per cent, 
red count 4.55 million cells per cubic millimeter; white count was 6,000 cells per cubic centi- 
meter, blood smear normal. Eoentgenographie e-xamination showed a total transverse cardiac 
dimension of 9.9 cm. and an internal transverse diameter of the thorax of 25.7 cm. The heart 
did not appear to be enlarged and there was no detectable abnormality of the left ventricle. 
The aortic knob could not be clearly visualized. The lungs were normal. In the posterior 
portion of the chest there was a notching along the inferior borders of several ribs. 

Operation . — Operation was undertaken July 6, 1945. Cyclopropane with a tightty fitting 
face mask, without an intralarj-ngeal tube, proved to bo quite satisfactory. A cannula was 
inserted into an ankle vein for administration of fluid and blood during and after the opera- 
tive procedure. The patient was placed on the table so that the left posterolateral portion 
of the chest was uppermost. A long, curved incision was made, beginning just to the left 
of the spine, starting at the level of the second rib and running downward and outward to 
reach the po.sterior axillary line at about the level of the inferior tip of the scapula. Beneath 



this incision the muscles were divided, including the trapezius, the rhomboid major, and the 
latissimus dorsi, so that the scapula could be pulled upward and outward to expose the costal 
'^age. The left pleural cavity was entered in the fourth interspace. The third, fourth, fifth, 
and sixth ribs were transected at their angles. These initial stages of the operation entailed 
a considerable loss of blood because of the excessive vascularity of the chest wall. The large 
intercostal arteries were not difficult to control, but there was very troublesome bleeding from 
>e external musculature which consumed a good deal of time in obtaining proper hemostasis. 

IVith the insertion of a self-retaining rib spreader, a satisfactory riew of the po.stcrior 
part of the mediastinum was obtained. The aorta was e.xposed by opening and dissecting free 
»ts overlying parietal pleura. The descending aorta, about 1.5 cm. below the origin of the 
^ t subclavian artery, was markedly constricted, the cx-tcmal diameter being no more than 
or 4 ram. (Fig. o). Palpation of this region gave the impression that it was a firm and 
'''"'P “^oly fibrous cord, and tliat it contained little or no lumen. Immediately above the con- 
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stricted site tlie aorta was approximately 15 nim. in diameter, while beyond tlie eoaretation 
it was 13 to 14 mm. in diameter. Above the constricted area, the aort.a and tlie entire aortic 
arch had a marked and lieaving pulsation which was transmitted prominently into a dilated 
left subclavian artery. Below the obstructed part of the aorta the ve.'^sel had no visible or 
palpable pulsation. The intercostal arteries coming into the aorta below the coarctation were 
distinctly larger than normal, most of them being 4 to C mm. in diameter. The uppermost 
vessels running into the aorta below the coarctation appeared to be tlie fourth intercostal 
arteries. Tlie distal part of the aortic arch was now freed from the posterior chest wall and 



Fig. 3. — A, Section of aorta mobilizecl bj' freeing it from its bed and dividing regional 
intercostal arteries (I. A.), bronchial artery (B.A.). and ligamentmn arteriosiim (L.A.). Clamps 
applied to aorta. B, Segment of aorta excised. C. Aorta reconstructed by end-to-end anasto- 
mosis. with continuous, everting, mattress-type silk suture. 

vertebral column by careful dissection, particular care being taken to visualize and avoid 
injury to the vagus nerve, the left recurrent laryngeal nerve, and the thoracic duct, all of 
which were satisfactorily viewed. To free the aorta for a short distance below the region 
of coarctation, it was necessary to doubly ligate and divide the left and right fourth and 
fifth intercostal arteries. Furtliermore, in order to free the aorta from the lung root, a 
bronchial artery was severed. The ligamentum arteriosum ^Yas then cut. All of this dissection 
was completed without much difficulty. 

The upper 3 or 4 centimeters of the descending aorta could now be pulled away from 
the vertebral column and could be drawn out from the depths of the wound so that the 
subsequent steps were more easily completed. Two especially prepared clamps -were place 
on the aorta, just above and below the constricted zone (Fig. 3A). Application . of these 
clamps produced absolutely no changes in the heart rate or activity. A -segment of aorta; 
1 cm. long, was then excised so that the narrowed portion w.as completly eliminated. (Inspec- 
‘■On of the interior of tliis specimen showed that there was a complete blockage of the lumen. 
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Tim wall was quite thick, firm, and fibrous.) The remaining ends of the aorta wore now 
brought in apposition to each other by applying pressure in the appropriate direction to the 
two clamps which held the aorta. The upper and lower segments pos.sessed a great deal 
of elasticity and the undivided attention of the first assistant was required to hold those 
clamps in proper alignment. Dr. Paul ^Varc had iireviously practiced these steps with me 
on dogs, and his assistance at this time greatly facilitated the anastomosis of the aortic ends 
which was accomplished rapidly, with accuracy, and without the slightest tension on the line 
of suture while the stitching was being undertaken. The typo of repair was precisely that 
which previously has been found to be suitable in animal experiments and which has been 
fully reported elsewhere.^ The ends of the aorta were brought together by a continuous mat- 
tress suture which included the full thickness of the aortic wall and which everted the aortic 
wall so that intima came to intima, and the edges of the aortic ends protruded outward. This 
continuous stitch was begun posteriorly and was continued around on the front surface. For 
this suture, 00000 Deknatcl silk was employed, carried on a No. X atraumatic curved needle 
(which has a diameter of 0.5 mm. and a length of 0 mm.). Tlie anastomosis required tnenD- 
three minutes. Manual pressure was relaxed from the clamps at this time_so that the suture 
line took up the entire pull of tlie aortic elasticity. 

The lower clamp was then removed, and as blood flowed back from the lowei segment 
up into the anastomosis, there was oozing of a few drops of blood at one point, which was 
readily controlled with the application of a pack for a few moments. Following this there 
was not the slightest bleeding from the suture line at any time. In three ways great 
care was exercised to insure that there would be no abrupt shift of the circulating blood which 
might embarrass the heart. First, the remaining aortic clamp was released very slowlj 
over a period of ten minutes so that the lumen of the aorta was opened very gradually. This 
was done in order to avoid a great rush of blood into the lower part of the body. Second, 
the table was tilted to place the patient in mild Trendelenburg position, to diminish pooling 
of blood in the legs and lower part of the body, and to increase the return of venous blood 
to the heart. Third, donor blood was pumped rapidly into the ankle cannula in order to 
augment the blood in the venous system and to make available an adequate volume for the 
heart to circulate. These three measures combined to minimize the strain on the heart dur- 
ing the period of readjustment and the effects were completely satisfactory. During this time 
the heart rate increased slightly but at no time did the organ appear to be overtaxed. It 
was very gratifying to see that the distal aorta had a visible and palpable pulsation. 

The field was completely dry, and the cardiovascular system was well stabilized, hence 
closure of the wound was begun. The parietal pleura was brought together over the aorta 
with interrupted fine silk sutures. The thoracic wound was appropriately repaired. A 
catheter was placed in the left pleural cavity, and just before the suture of the skin was 
completed, suction was applied to this tube for the removal of all air from the left pleural 
cavity; the catheter was then withdrawm. The operating time ivas three hours, thirtj-five 
minutes. 


Post-operative Course . — There were no important complications. There was a good deal 
of pain from the posterior chest w'ound wliich required frequent sedation for the first week; 
continued but less intense medication was necessary during the second week. During each 
of the first four postoperative days, 120,000 units of penicillin were administered by the 
intramuscular route. No heparin or dicumarol was given at any time. Twelve days after 
operation the red blood count showed an anemia, for wliich three small transfusions were 
given. These raised the count to 4,250,000 cells per cubic millimeter. On the eighth day 
the child was allowed up in a chair and on the eleventh day wms permitted to walk a little. 
She was discharged from the hospital on the nineteenth postoperative day in excellent general 
condition. There had been some postoperative accumulation of fluid within the left pleura 
cavity, but by the time of hospital discharge the breath sounds throughout the left lung 
field were of normal intensity and apparently most of the fluid had disappeared. T le c les 


was not tapped at any time. The w-ound healed per primam. 

Great interest was centered around the circulatory' and blood pressure ch.inges during 
the postoperative period. The cardiac murmur lias continued unchanged from its jireopcr.a n c 
atato, and I assume that it arises from some minor, intracardiac abnormality, the nature of 
"Inch is not clear. It may possibly represent a bicuspid aortic valve. I had anticipate! t la 
pressure in the arms would fall suddenly, and similarly that the pressure in the legs would 
’■>?c quickly following the aortic anastomosis. However, this was not the case. Tlie observa- 
bons make it evident that the readiu.stmcnt occurred over a period of several days, and 
’odood continued for about two weeks. Presumably the vascular bod beyond the obstructed 
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portion of the aorta had been smaller than normal prior to operation and had required a period 
of time to undergo dilatation following removal of the aortic, obstruction. In any event, the 
flow of blood into the legs did not increase rapidly and, indeed, required many days to reach 
a satisfactory level, concomitant with which the pressure in the arms became correspondingly 
lower. 

At the termination of operation, no femoral pulsation could be felt. Furthermore, no 
sounds could be heard in the legs when attempts were made to observe the blood pressure. 
Six hours after completion of operation, a very faint and barely detectable pulsation could be 
felt in the femoral arteries, but no blood pressure readings could' be obtained in the legs. 
On tlie following morning femoral pulsations appeared to be a little stronger and in the 
right leg, faint sounds could be heard at 110 mm. of mercury, but the diastolic level was 
indeterminate. No sounds could be heard in the left leg. By tlie evening of the second post- 
operative day, there were rather good, but not normal, femoral pulsations and the blood 
pressure in both legs was clearly audible at a systolic level of 125 mm. of mercury and a 
diastolic level of approximately 90 mm. of mercury. On the eighth postoperative day, 
the femoral pulsations were a little stronger, no popliteal pulsation could be felt, but faint 
pulsations could be felt in both dorsalis pedis arteries. At this time the pressure in the right 
leg was heard at 118 mm. of mercury systolic and 100 diastolic. In the left leg the pressure 
was 122 mm. of mercury systolic and 104 diastolic. At the time of hospital discharge on the 
nineteenth postoperative day, there were fairly good femoral and dorsalis pedis pulsations on 
both sides. The pressure in the legs was recorded at 145 mm. of mercury systolic and 105 
diastolic. 

AVhile the observations in the last paragraph indicated that there was an increase in 
circulation in the lower extremities during the postoperative period, there was a simultaneous 
diminution in the pressure readings in the arms. On the day after operation, the liighest 
blood pressure recorded was 175 mm. of mercury systolic and 100 diastolic. During the 
following week a large number of observations showed systolic pressures ranging from a high 
of 170 to a low of 138. During the second postoperative week, there was a gradual decline in 
the readings whicli varied between 150 and 145 mm. of mercury systolic and 85 to 75 diastolic. 
At the time of hospital discharge, tlie blood pressure was recorded as 140 systolic and 80 
diastolic. 

SUMMARY 

Laboratorj^ experiments on dogs have demonstrated the feasibility of remov- 
ing segments of the thoracic aorta and re-establishing the arterial channel by 
end-to-end suture of the vessel. The high degree of success attained with such 
a procedure on animals has prompted its use in human subjects for correction 
of obstruction of the aorta. 

In two patients with coarctation of the aorta, the narrowed portion has been 
excised and the aortic tube has been reconstructed by direct anastomosis of the 
remaining ends. In the first case, sudden removal of the aortic clamps opened 
a large vascular bed and produced cardiac dilatation and immediate death. In 
the second child, a slow release of the clamps and a gradual increase in the blood 
flow to the lower part of the body was well tolerated. In this individual there 
has been a very satisfactory postoperative rise of blood pressure in the lower 
extremities and a concomitant decrease of the hypei’tension which had previously 
existed in the arms and upper portion of the body. 
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ARTEKIOVENOUS FISTULA: A SUTURE TECHNIQUE FOR 
PRODUCING A LATERAL ANASTOi\IOSIS 

Ax Experimental Study 

Ralph A. Deterlixg, Jr., M.D.,'*' Rochester, Minn. 

E XPERIjMENTAL vasciilax* surgery by tlie suture method appears to have 
heguii about 1773 xvhen Asmau* unsuccessfully attempted vascular suture 
in two animals after the development of the new clinical technique of HallowelP 
in 1759 and LamberU in 1762. Infection, hemorrhage, and thrombosis dogged 
the footsteps of subsequent investigators. "While there were isolated clinical 
cases of successful vascular repair, it was not until after the introduction of 
aseptic surgery that experimental work met with any success. In 1883 Gluck'* 
did nineteen experiments, using the common iliac artery of dogs and the aorta 
of rabbits, but all of them tenninated in hemorrhage. Four jmars later, von 
HoroclP began a series of six experiments on arterial suturing but in each ease 
the vessels thrombosed. 

It was in 1889 that J essiuewski®’ " demonstrated by twenty-six experiments 
terminated in from 1 to 100 days that arteries could be sutured successfully, 
provided certain precautions were heeded. He idaced emphasis on the im- 
portance of keeping the suture from penetrating the intima. In the next year 
Burci® reported attempts to repair longitudinal wounds in the arteries of six 
animals, using femoral and carotid arteries of dogs and horses. His success 
in four cases confirmed the findings of Jessinewski. Subsequently he suggested 
the use of the continuous suture. In 1890 Muscatello** reported success in sutur- 
ing the aorta of a dog in which there had been transverse division of one-third 
of the wall of the vessel. Following the precepts of Jessinewski, success was 
reported by Heidenhain*” in 1895, Jaboulay and Brian**’ *^ in 1896, Salomoni*® 
in 1900, and Napalkow** in 1900. Murphy*® in 1897 reported further suture 
experiments and reviewed two clinical cases. In 1897 and 1898 Silberberg,*® 
using Hagedorn intestinal needles and fine silk, had moderate success in sutur- 
ing the arteries of dogs. 

In 1899 Dorfler** contributed materially to the progress of vascular surgerj’^ 
ivlien he demonstrated that, with rigid adherence to aseptic technique, suc- 
cessful throngh-and-through suturing of blood vessels was possible. In his 
^ogs, the vessels remained patent, even in those killed after two months. Thus 
was dispelled the fear that thrombosis was an inevitable consequence of penetrat- 
ing the intima. Soon after this notable discovery came the outstanding work 
of Carrel,*® of Carrel and Morel,*®’ of Carrel and Guthrie,®* and of Guthrie,®® 
whose experiments at the turn of the century set the standards for a reliable 
technique for vascular surgery. There have been minor improvements and 
ui^odifications by Clermont,®® Jensen,®* Dorrance,®® Bemlieim,®® Williamson,®* 
1' OSS,-® ;Mann,®® klarkowitz,®® and Corwin®* among others. 

While thrombosis and subsequent healing m clinical cases of acquired ar- 
teriovenous aneurysm are rare,®® this is not true of experimentally produced 
fistulas. The literature abounds with references to either a high percentage 
°f thro mboses and healing or complete failure to maintain a patent fistula. 

m-ceivccl for public.-ition. .Vup. IS. ISIS. 
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While Eck^^ in 1879 is generally regarded as the first to anastomose adjacent 
vessels Avith success, Gluck^ in 1883 reported the first successful arteriovenous 
fistula in a dog. In 1898 San klartin y Satrustegui^^ attempted to invaginate 
the artery into the vein in forty dogs hut closure by thrombosis ensued in from 
a few hours to the longest period of eight days. He then tried two lateral 
anastomoses of the vessels of goats and again failed. Carrel and MoreP®’ in 
1902 and Carrel and Guthrie®^ in 1906 admitted vaiying degrees of success. In 
1907 Watts” reported success in twent 5 ’'-eight of thirty-one end-to-end arterio- 
venous anastomoses of the vessels of the neck but in only two of twelve of the 
femorals. The poor results in the latter, he felt, were due to easy accessibility 
and subsequent infection in the hind limb. In 1920 Eeid®® reported healing in 
seven of twelve dogs with marked diminution in the size of two of the remain- 
ing fistulas. Eeference was made several times by Holman and Kolls®^ in 1924 
and b}^ Holman®® in 1937 to closure of their experimental fistulas. In 1925 
Seneque®® reported complete failure to produce fistulas in ten dogs, for throm- 
bosis always obliterated the venous channel. In 1928 Herrmann and Gage^® 
like'vvise produced thrombosis within one or two days at the site of anastomosis. 
They made two or three attempts in the same animal for a caroticojugular 
fistula. One fistula remained open for forty days. In 1938 Corwin®^ reported 
success with six out of ten end-to-end anastomoses of carotid artery to jugular 
vein, but the two lateral arteriovenous anastomoses broke down with hemorrhage 
in three and eight days. In 1940 McGuire, Hauenstein, Stevens, and Sharretts“ 
observed closure of one in a series of six dogs with femoral arteriovenous an- 
eurysm. Likevdse, thrombosis has followed the practice of suturing- the vessels 
over dilator plugs of caramelized dextrose, a procedure recently advocated by 
Smith^® but discarded by CarreP® in 1902. This technical problem has been 
summed up by Brooks,^® who stated: “In the experimental laboratory, a per- 
manent arteriovenous fistula is very difficult to produce. In animals, even 
comparati%'ely large fistulae, estalfiished by careful blood vessel suture, in most 
instances close spontaneously.” 

The gi-eat number of vascular casualties of World War II already under 
treatment should act as a stimulus, as in the last war, to experimental studies 
in a further effort to clarity many physiologic complexities which as yet remain 
unsolved. Since this is particularty true of arteriovenous fistula, I wish to pre- 
sent the technique of vascular suture used in the production of femoral arterio- 
venous fistulas from 1 to 4 cm. in length in a consecutive series of fifty-two dogs, 
with periods of observation of from one week to one jmar, v-ithout a single ease of 
closure. The majority of the animals were killed between seven and nine months 
after production of the fistula. 

TECHNIQUE 

Ideally, fairly large dogs should be used since the caliber of their vessels 
facilitates experimental suture methods. Hoivever, several of our dogs weighed 
only 7 kilograms. We found that ether administered by inhalation or pento- 
barbital sodium administered intraimnously produced equally satisfactory an- 
esthesia. It is essential that the surgeon exercise the same sterile precautions 
as in the hospital operating room. 

If the skin flap is prepared so as to overlie the vessels at the time of closure, 
the chances of postoperative infection are lessened. After the skin field has been 
isolated by sterile gauze or linen, the vessels are exposed, cautiously avoiding 
small tributaries which are easily toi-n. A blunt curved aneuiysm needle is 
helpful at this stage for separating the tough strands of the sheath. The most 
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satisfactory arteries in the dog are the femorals, common iliacs, carotids, and 
aorta. 

After the desired segment of arteiy and vein iias been exposed, all ad- 
ventitial tissue is removed sernpiilonsl.v, as this tenacious weblike tissue drawn 
into the lumen with the suture acts as a nidus for thrombus formation. Small 
vessels arising from the exposed length of the vessels selected for the fistula are 
ligated to avoid troublesome bleeding during the suturing. Drying is avoided 
by occasionally washing the field with warm saline solution or liquid petrolatum. 
This also facilitates removal of the adventitia. If the ve.ssels are mobilized for 
several centimeters proximal to the anastomosis, the shearing or sawing stress on 
the suture line by the forceful arterial pulsation is lessened. 

Before the vessel walls are incised, one Carrel clamp is placed proximally 
and one distally to the site of anastomosis. The rubber or silk-shod blades should 
have moderate spring, as intimal damage from serrefines has led to thrombosis 
(Jaboulay and Brian). Iris seissoi’s Avith straight blades seemed to give a 
cleaner cut than a keratome and avoided damage to the deep Avails. The longi- 
tudinal incisions should lie in careful juxtaposition so that no torsion of the 



Fig. 1. — ^Experimental production of arteriovenous fistula, a. Suturing of deep margins of 
artery and vein. 6, Suturing of superficial margins. 

vessels oecurs during suturing, for intimal damage can result from this mis- 
handling. One should not cut Avitliin 5 nun. of the clamps ; if this precaution is 
not obsei'A^ed, adequate closure of the angles is difficult. With the lumina of the 
vessels exposed, sterile liquid petrolatum is instilled into both artery and vein 
before suture is begun to I’educe adherence of platelets. Rough handling of 
the A'^essels should be ai’^oided at all times. Very fine (000) twisted white silk, 
thx'eaded on a single straight Carrel arterial needle (previously sterilized as a 
unit in liquid petrolatum), is used for the deep margins. Beginning at the 
cephalad end the angles are approximated and a knot is tied. Using a running 
through-and-through stitch, one takes bites to the depth of tAvice the diameter 
of the needle and 1 mm. apart. Care is taken to keep the suture coated AAuth 
petrolatum and to pull the thread taut after each bite. The edges should be 
everted as well (Fig. la). Bull dog clamps are used to mark the ends of the 
sdk at tile completion of suturing the deep margins. By using a single suture 
without a stay tension suture for the deep margins, tAvisting of the vessels, which 
occurs u-ith the usual technique, is obAuated. Here again, intimal damage is 
CA-oided. 
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Fi&, 3.— < 1 , Small fresh thrombus at site of anastomosis after one week. &, 

fibrous tissue at site of anastomosis after nine months (Mallorj’-Heidenhain stain 
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A second suture, threaded at both ends on arterial needles, is run through 
the approximated arteiy and vein midway along the superficial margins and a 
loiot is tied. Using the free end of the suture for retraction and for maintaining 
dilating action, the surgeon can continue the closure to the ecphalad end where a 
firm knot with the deep suture seals the angle (Fig. Ih). The remaining free 
end is then used to complete closure to the distal angle. By using this second 
suture one avoids the piu'se-string effect of a single suture technique, thus re- 
ducing cicatricial contraction (Figs. 2 and 3). 

If care is taken to close the angles carefully there should be but momentai-y 
mild bleeding from the suture lines on removal of the distal clamp. If digital 
pressure for several minutes fails to halt bleeding, an additional interrupted 
sutiu’e may be taken. The proximal clamp is released last. Both the muscle 
lajmr and the subcutaneous tissues are approximated scparatelj’’ with continuous 
chromic catgut. AVe have closed the skin with continuous linen suture and ap- 
plied collodion gauze to the suture line of the skin. 

> 

SUMMARY 

1. A brief review of experimental vascular surgery is presented and the 
difficulties in production of exjjez’imental arteriovenous fistulas are pointed out. 

2. A modification of the Carrel-technique is outlined whereb.y (a) by allow- 
ing the skin flap to cover the deep layers and the anastomosis, chances of infec- 
tion are lessened; (h) dilatation is maintained by a tension suture but toraion 
of the vessels is avoided; (c) b}'- use of two sutures, the contracting effect of a 
purse-string type of suture is eliminated; (d) b}’’ mobilizing a suitable length of 
the vessels proximal to the anastomosis, the sawing stress on the suture line is 
buffered. 

3. This technique was used suecessfull}’- to produce arteriovenous fistulas, 
varying from 1 to 4 cm. in length, in a series of fiftj^-two dogs weighing from 7 
to 18 kilogi’ams without a single closure by healing, infection, or thrombosis. 
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SUCCESSFUL REMOVAL OP FOREIGN BODIES WITHIN 
THE PERICARDIUM 

A Report of Two Cases 

]\Iajor Thojias Duval Watts/ and Major Elaji C. Toone/ 

Medical Corps, Army of the United States 

1 NASJMUCH as the tliouglit coiicci'iiing tlie proper managemeut of foreign 
bodies within tlie pericardial sac remains indefinite and indeeisive^'^ we should 
like to report two eases in which the patients were treated bj’’ successful surgical 
removal, in addition to one ease^ previousl3’^ reported. 

Case 1. — Tliis soldier, aged 21 years, was first admitted to an evacuation hospital, Feh. 
29, 1944, within six hours after receiving a perforating wound of the left arm and a pene- 
trating wound of the left side of the chest by an enemy high explosive shell fragment. This 
injury resulted in a compound, incomplete fracture of the left humerus, a partial paralysis of the 
left median nerve, a left hemothora.x, and a nonpenetrating wound of the left ventricle of the 
heart, producing a hemopericardium. The wound of the left arm was ddbrided, the left ven- 
tricular laceration was repaired, and the pericardium sutured, but the foreign bodj' was not 
removed. The immediate postoperative course was uneventful and he was transferred to this 
hospital March 12, 1944, in good condition, twelve days after injur}’. 

Physical examination on this da)’ showed a well-developed, somewhat emaciated white 
man, slightly dyspneio and with moderate neck vein distention. The temperature was 
100° P., pulse 100 per minute, respirations 24 per minute, and blood pressure 130/66. The 
chest showed slight limitation of expansion on the left side with impaired resonance and 
distant breath sounds in the left base. The heart tones were normal in volume and no murmurs 
were present. Examination of the abdomen was negative. There was a partial paralysis of 
the left median nerve and an incomplete fracture of tiie lower third of the left humerus. 

Laboratory studies revealed hemoglobin, 12 Gm.; red blood cells, 3,600,000; white blood 
cells, 10,000; polymorphonuclears, 73 per cent; lymphocytes, 26 per cent; monocytes, 1 per 
cent. Urine: Specific gravity, 1,022; chemical tests and microscopic studies were negative. 
The sedimentation rate was 55 mm. in one hour (Wintrobe), the venous pressure 185 mm. of 
water in the right antecubital vein, and the circulation time from the same area using 10 
per cent calcium gluconate was 12 seconds. 

Fluoroscopic study, March 13, 1944, showed good forceful pulsations of all borders of 
the heart with definite to-and-fro pulsation of the left border. The base of the heart ap- 
peared a little enlarged but did not change in contour when the patient shifted from the 
prone to the upright position. There was no evidence of cardiac tamponade at this time. 
The metallic foreign body was seen to lie just to the left of the midline and anterior to 
the heart. X-ray examination of the chest (Fig- 1) showed a density in the low-er left 
lung field with a concave upper border, very suggestive of a small left pleural effusion. The 
cardiac shadow appeared enlarged wtih widening at the base, but a part of this apparent 
enlargement was due to the fact that this view was taken in the anteroposterior diameter at 
a short target distance. There was a metallic foreign body 2 by 1 cm. lying just to the left 
of the midline, just beneath the lower border of the sternum, and about one inch above the 
eft diaphragm. It was thought that the foreign body was anterior to the heart on these 

roentgenograms. 

^ Fluoroscopic study, March 25, 1944, showed normal pulsations of the heart and the 
oreign body moved S)’nchronously with each heartbeat. A teleoroentgenogram and left 
uteral x-ray picture of the chest on the same day showed a reduction in the size of the 
cardiac shadow and the location of the foreign body. (Figs. 2 and 3.) 

An electrocardiogram made March 12, 1944 (Fig. 5 A), showed the T wave in Lead 4 
° inverted and in Leads 1 and 2 low or isoelectric. Thereafter, frequently repeated 
showed no essential change until March 17, 1944 (Fig. 5 S), when the T waves in 
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Leads 1 and 2 became in\erted and the S-T segments in these leads rounded and upnardly 
convex. Subsequent tracings showed no further change until after the operation. 

As a result of these lindmgs it was tentatively decided that the foreign body should 
be removed from the pericardial sac. In preparation for the operation the left side of the 
chest was aspirated on two occasion^, 300 c.c. of bloody fluid being removed March 20, 1944, 



Fig 3 Fig. 4. 

Fig 1 (Case 1) — -Roentgenogram, March 13, 1944. shows enlargement of the cardiac 
shadow and a small left hemothorax. Foreign bodj not shown m this Mew. 

Figs 2 and 3 (Case 1) — Roentgenograms. March 25, 1944, show the foreign bodj' within 
the pericardium lying on the anterior surface of the right \entricle Fluoroscopy discloseu 
nio\ement of the fragment with each heartbeat. 

Fig 4 (Case 1). — ^Roentgenogram, June 11, 1944, shows the return of the cardiac shadow 
to normal size and configuration. Foreign body removed April 7, 1944. 
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and 20 c.c. of serous fluid March 20, 194,4. Tlio patient was given one transfusion of 500 
c.c. of blood and general supportive treatment with iron, vitamins, and supplementive diet 
as far as facilities would allow. These measures resulted in weight increase, improvement in 
respiration, disappearance of neck vein distention, increase in the red blood coll count to 
4,400,000 and the hemoglobin to 13,5 Gm., n fall in the sedimentation rate to 9 nun. in one 
hour (Wintrobc), and a decrease in the venous pressure to 95 mm. of water, as measured in 
the right antecubital vein. Other studies made prior to operation showed a hematocrit of 
44.5 per cent and a serum protein of G.5 Gm. Plysical examination and special studies of the 
heart and vascular system remained cssentiall}' unchanged. 



® March 12. 1944. Rate: Auricular. 120 per minute; ventricular, 120 per min- 
uie. p.R interval. 0.14 second: rhvthm, normal. QRS complexes; 0.08 per second; QRS 
^ low and inverted. T waves: T, low and diphasic; Ts low; T 3 isoelectric; T< inverted, 
ini...... March 17. 1944. Rate: Auricular. 90 per minute; ventricular, 90 per minute. P-R 

'p second; rhythm, normal. QRS complexes; 0.08 per second; QRS 3 upright, 

waves: T,.-., inverted; T 3 isoelectric. 

^944 Rat© I Auricular, 130 per minute; ventricular 130 Per minute. Interpre- 
"eacing taken at time foreien body was being removed from the pericardium. 


onstrates a sinus rhythm. 

1944. Rate: Auricular, 110 per minute; ventricular, 110 per minute. 
T, In, *•' second; rhythm, normal. QRS complexes: .08 per second; normal. T i 
13 low; Ti.-., upright. 


Dem- 


waves : 


April 7j 1944, under endotracheal nitrous oxide, oxj’gen and etlier anesthesia, a left 
parasternal incision for an extrapleural approach was made extending along the left sternal 
niargin from the second interspace to the sixth rib and along the upper border of the sixth 
’■'h to the nipple line. The skin-fascia-muscle flap was turned up to e.xpose the third, fourth, 
and fifth costal cartilages and the anterior ends of the corresponding ribs. The fourth costal 
c.9rtilago and the anterior 2 cm. of the corresponding rib were resected subpericliondrally 
and subperiosteally. The posterior perichondrium and intercostal bundle were divided near 
the sternum and retracted, to expose the internal mammary vessels which were doubly ligated 
Pro.\imaIIy and distally with No. 1 chromic catgut and resected between the ligatures. The 
communicating intercostal vessels were also ligated. The loose tissue anterior to the peri- 
cardium was incised near the sternal border and stripped laterally with the pleura. The 
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foreign body at this stage could be palpated at the sternal margin just below the lower 
border of the third costal cartilage. The pericardium over the fragment, which was lying 
on the upper anterior wall of the right ventricle was carefully incised, the metallic fragment 
grasped with forceps and gently removed. There was considerable fibrous tissue reaction about 
the fragment with adhesions between the pericardium and right ventricular wall in that 
vicinity. There was no bleeding and no pus was encountered. Sulfanilamide powder was 
sprinkled into the pericardial cavity. The pericardium was loosely closed with No. 0 chromic 
catgut sutures. The chest wall was closed in layers using No. 1 plain catgut to approximate 
the posterior perichondrium at its site of division at the sternal margin; No. 1 plain catgut 
interrupted sutures for the pectoral sheath; No. 00 catgut for the subcutaneous tissue, and 
black silk for the skin. 

The postoperative course was uneventful with the patient out of bed on the fourteenth 
day. An electrocardiogram taken May 8, 19M (Fig. 5 D) , showed upright T waves in Leads 
1-2 and 4 as compared to inverted T w.aves in these leads prior to operation. This tracing 
was otherwise normal and tracings taken at weekly intervals thereafter until the patient’s 
discharge were likewise normal. X-raj' and fluoroscopic studies June 11, 1944 (Fig. 4), 
showed the transverse diameter of the heart to be 12 cm., the transverse diameter of the 
thorax 29.5 cm., and the cardiothoracic ratio 40 per cent. There was some straightening 
of the left border of the heart, but the cardiac shadow was not enlarged. June 14, 1944, 
examination showed the heart rate 82 per minute, the rhythm regular, the blood pressure 
122/76, and the tones of good quality. The thoracic wall at the operative site was well 
healed, firm, and showed no evidence of bony or cartilaginous defect. The wound of the 
left arm and humerus was completely healed and there was full restoration of function of the 
left median nerve. 

He was discharged to limited duty June 10, 1944, nine weeks after operation and three 
and one-half months after he was wounded. 

Case 2. — This soldier, aged 21 years, was wounded 5:15 p.m., May 31, 1944, by an enemy 
machine pistol bullet, which entered the right anterior chest just below the middle third of 
the right clavicle. The patient was admitted promptly to a field hospital, dyspneio and 
cyanotic. Four hours after being injured, the right side of his chest was aspirated and 150 
c.c. of blood removed. Following this it was noted that he was resting more comfortably, 
although still complaining of slight pain in the right side of the chest. On the following 
day the wound was debrided and the chest again aspirated, 100 c.c. of blood being obtained. 
The patient’s condition improved sufficiently for him to be evacuated to the rear on the 
fourth day after injury. 

On admission to tliis hospital, June 4, 1944, physical examination showed the patient 
to be in fair general condition ■with a clean debrided wound, 3 by 2 cm. in size, on the right 
anterior chest wall in the first interspace below the middle third of the right cla'vicle. He 
was dyspneic, with respirations 48 per minute, and slightly cyanotic. The temperature eleva- 
tion was to 102.4° F., and the pulse rate 112 per minute, and the blood pressure in the right 
arm 114/72, in the left 120/82. The neck veins were slightly distended with the patient in 
the recumbent position. Bronchial breathing was present in both bases posteriorly below the 
angle of the scapulae. The heart tones ■were distant and the area of cardiac dullness was 
enlarged to the left. The liver edge was firm, nontender, and extended 6 cm. below the costal 
margin. No e-vidence of peripheral edema was detected. 

Laboratory studies revealed red blood cells, 3,500,000; hemoglobin, 13 Gm.; white blood 
cells 7,000; polymorphonuclears, 58 per cent; lymphocj-tes, 40 per cent; eosinophiles, 2 per 
cent. Urine: Specific gravity 1.019; chemical tests and microscopic studies were negative. 

X-ray (Fig. 6) and fluoroscopic studies June 6, 1944, showed an enlarged cardiac 
silhouette, pulsating weakly, which was not altered by changing the patient’s position from 
the upright to the recumbent. A 1.7 by 1 cm. opaque foreign body was lying in close 
proximity to the left border of the heart shadow. There was a moderate collection of free 
fluid in the right pleural cavity. 

June 7 1944, there was noted a definite narro^wing of pulse pressure with a reading of 
110 systolic over 85 diastolic. The heart tones were more distant, the neck veins showed more 
distention a pulsus paradoxus was present, and the liver edge was still found 6 cm. below the 
right costal margin. The venous pressure in the right antecubital vein was 210 mm. of water 
and the circulation time using 10 per cent calcium gluconate was 35 seconds from the same 
area. 
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Pie. 8. 


Fie. C (Case 2). — Roentgenogram, June 6. 
1944, shows an enlarged cardiac shadow and 
bullet. 

Pig. 7 (Case 2). — Roentgenogram, June 8, 
1944, shows reduction in the siae of the cardiac 
shadow following pencardicentesis, and fluid in 
the right pleural cavity. Fluoroscopy disclosed 
sjnchronous motion of the bullet with each heart- 
beat and frequent change of position in the peri- 
cardial sac. 


Fig. 8 (Case 2). — Roentgenogram, June 16. 
944. shows the bullet along the right border of 
he heart, and further decrease in the size of the 
ardiac shadow. There is complete clearing of 
he right pleural cavity and lung following one 
ispiration of 510 c c. of bloody fluid, June 9, 1944. 


In view of these findings, a diagnosis of cardiac tamponade iias made, and, June 
1044, a pericardicentesis was done removing 705 c.c. of old bloody fluid. Folloiving this pro- 
coduro the patient noted prompt improvement in his breathing, the cyanosis disappeared, 
and tlio pulse pressure widened with the blood pressure now reading 114/72. The next day 
n I'orieardial friction rub was noted uhich lasted for a period of three days. The patient 
continued to feel more comfortable, the dyspnea nas much less marked, the neck lein dis- 
tention disappeared, the liver decreased in size, and the pulse pressure remained at a 
normal figure, June S, 1944, fluoroscopic and x ray studies (Fig. 7) showed a reduction in the 
size of the heart shadon ivith the presence of a more active pulsation. The opaque foreign 
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body was localized within the pericardial sac and shifted nith the position of the patient. 
There was still the same collection of fluid in the right pleural cavity, and 510 c.c. of old 
bloody fluid were remoied, June 9, 1944, by thoracentesis through the right eighth interspace 
in the posterior axillary line. The venous pressure June 12, 1944, had dropped to 83 mm. of 
water and the circulation time with 10 per cent calcium gluconate to 13 seconds, using the 
right antecubital vein for both studies. Thereafter, his clinical improvement was progressive 
with no further evidence of accumulation of fluid in either the pleural or pericardial cavities. 
The basal respiratory and circulatorj’ functions remained stable with the respiratorj- rate at 
20 per minute, the pulse rate 80 to 90 per minute, and the blood pressure varying from 110 to 
120 systolic, and from 70 to 80 diastolic. The temperature returned to normal. Eepeated 
X ray and fluoroscopy examinations showed the foreign body always to move sjmchronously 




Fig. 10. 


Figs 9 and 10 (Case 2). — Roentgenograms, 
Aug. 1, 1944, show the final fixed resting position 
of the bullet along the posterior interior portion ot 
the left ventricle. 


Fig. 11 (Case 2). — ^Roentgenogram, Sept. 13, 
1944, shows the return of the cardiac 
normal size and configuration. Bullet remove 
Aug. 2, 1944. 
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with tho heartbeat and to change position frequently within, the pericardial sac, lying first in 
close proximity to the left ventricle (l'''ig. (i) then along tho right border of the heart (Fig. 
S), and finally coining to rest in a fixed po.sition along the posterior inferior portion of the 
left ventricle (Figs, S) and 10). Tho heart shadow remained slightly wider than normal; the 
right pleural cavity was free of fluid. 

Frequently repeated elcctrocardiogr.iphic tracings made after admission to the hospital 
(Fig. 12) sliowed tlio following series of chnnge.s. Tho original tracing of June 7, 1944 
(Fig. 12 .4) made prior to the pericardicontesis showed a low voltage of the QKS complexes 
(below 0 mm.) in the limb leads, low T waves in Leads 2 and 4, inverted T waves in Lead 3, 
and slightly elevated S-T .Kogmenfs in Loads 1, 2, and 4. Following the aspiration of the 
pericardial cavity, the QBS voltage in the limb leads increased in amplitude and the S-T 
segments became isoelectric (Fig. 12 i') but tlie tracings remained stable in other respects. 
On June 24, 1944 (Fig 12C), the T wave in Load J was low and Lead 2 became inverted with 
the S-T segment, rounded and upwardlj’ convex. After this change the tracings remained 
essentially stable (Fig. 1211) until July 24, 1944 (Fig. 12 F), when tlie T waves in Leads 
1, 2, and 4 became upriglit. 


A. 



nlB ^*1- .12 A-O— A, June 7. 1944. Rate; Auricular. 120 per minute; ventriculan 120 per min- 
n.AQ interval: 0.16 second; rliythm, normal, p waves: Isoelectric in Us. QI^S complexes: 
per second; low in all limb leads (less than 5 minutes). Prominent and slurred Sj, 
7''* Ta inverted; s-Ti. 2-4 show a slight elevation of from 0-5 to 1.0 mm. m 

most complexes, 

intprv^i Rate; Auricular, .90 per minute; ventricular, 90 per minute. P-R 

■uejaal; o.is second; rhythm, normal. QRS complexes: O.OS per second; Ri = 3 mm. 


Si = 

intpr,.,i’ Rate: Auricular. 90 per minute: ventricular. 90 per minute. ,P-R 

S, nna C rhythm, normal. QRS complexes; 0.08 to 0.10 per second, pri^ment 

S T and R 3 ; voltage normal. T -waves; Row Ti-i : late inversion ol Ts with 

rounded and upwardly convex ; To inverted. 


June 23, 1944, he was allowed up in a wheel chair and several days later, up and around 
lie ward. As his activities were gradually extended, he became aware of a persistent dull 
aching pain extending from under the lower portion of the sternum out to tJie apical area, but 
not e.xtending up into the shoulder region or down the left arm. Tliis pain was accentuated 
1 exertion and severe discomfort was experienced on walking up one flight of stairs. 
Runng the next five weeks he was observed as an ambulatory patient and allowed to ualk 
freely about tlie ward and liospital are.a, but he continued to suffer substcrnal pain on mild 
oxortion. Tlie resting pul.se rate remained rapid .90 to 100 per minute and increased to 120 per 
niuiuto after he climbed one flight of stairs. 

In. \-iew of the annoying cliaractcr of the substernal pain, persistent tacliycardia, poor 
exercise tolerance, and size of tho foreign bodv, it was decided tliat surgic.al removal was 

■nflicated. 
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Under endotracheal nitrous oxide, oxygen and ether anesthesia, Aug. 2, 1944, a left 
parasternal incision for an extrapleural appioach was made along the sternal margin from 
the second interspace to the sixth rib and then along the upper border of the sixth nb to the 
nipple line. The skin-fascia-inuscle flap was turned up to e.xpose the fourth and fifth costal 
cartilages and the anterior ends of the coi responding ribs. The fourth and fifth costal 
cartilages and 3 cm. of the conesponding ribs were resected subperichondrally and sub- 
periosteally. The posterior perichondrium of each cartilage and the fourth intercostal bundle 
nere divided near the sternum and retracted to the left exposing the internal mammary 
vessels, nhich Niere doubl}- ligated nitli No. 1 chromic catgut and diiided. The loose preperi- 
cardial tissue was incised near the sternal border and carefully stripped to the left with the 
pleura. The pericardium nas incised adequately, great care being taken not to injure the 
heart which was adherent anteriorly. There were extensile, soft, friable adhesions betneen 
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Fig. 12 U-F. — D, July 6 , 1944 Rate Auricular, lOO per minute, \entricular, 100 per 
minute. P-K interval: 0.12 second, rhythm, normal. QRS complexes 0.10 second, deep and 
slurred Si : deep S- T waves . T: 3 inverted ; T» low. 

F, July 23, 1944, Rate Auriculai 100 per minute; ventricular, 100 per minute. P-B 
interval- 0 14 second; rhjthm, normal. QRS complexes. 0.10 second; diphasic QRS 1 
with slurred Si; prominent Si T vaves- T 3 inverted. Comment: Ti - 1 are now upright, 
all S-T segments are isoelectric, and the QRS voltage is normal. 

F, Aug. 7, 1944. Rate- Auricular, 130 per minute, ventricular, 130 per minute P-B 
inten'al: 0.12; rhythm sinus tachjcardia. QRS complexes 0 08 to 0 10 second, diphasic 
QRS 1 M ith slurred Si. T waves : Low Ti < ; T- inverted. Comment . Tracing taken on the 
fifth postoperative day. 


the epicardium and pericardium which were gently separated with the finger. The foreign 
body was located posterior to the left ventricle and was bound by very dense adhesions in 
this area to the epicardium and pericardium, which were freed with great difficulty. The 
bullet was then removed without injury to the ventricular wall or pencardium. The pericardial 
sac was flushed with warm normal saline solution, and 50,000 units of penicillin in 40 c.c. 
of isotonic saline solution were left in the pericardial sac, which was loosely approximated 
with interrupted No. 0 chromic catgut sutures. The chest wall was closed in layers, approxi 
mating the divided posterior perichondrium with No. 0 chromic catgut, the pectoral sheath 
with interrupted No. 1 chromic catgut, the subcutaneous tissue wnth fine catgut, and black 
silk was used for closure of the skm. 

The patient’s postoperative couise was satisfactory and uneventful without cardiac or 
pulmonary complications. On the fourteenth postoperative day he was allowed up in the 
wheel chair and on the sixteenth day up and about the ward. Two months after operation 
ho still described slight precordial discomfort and slight dyspnea on walliing up one flight of 
stairs but this was less severe than that which he experienced prior to operation. He was 
able to sleep comfortably flat in bed. 

Postoperative x ray studies, Aug. 22, 1944, show ed a slight prominence of the left 
auricular and left ventricular regions with good pulsation of all borders of the heart and the 
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foreign body previously noted in tlio lower portion of the cardiac shadow now absent. A. 
teleroentgenogram (Fig. 11), Sept. 13, 1944, showed the transverse diameter of the heart to be 
14.1 cm., the transverse diameter of the thorax 34,1 cm., and the cardiothoracic ratio 41 per 
cent. The lieart shadow had changed in configuration since the examination, Aug. 22, 1944, 
in that the convexity of the left border was not as marked at this time and was tending to 
assume the same configuration sis it had before operation. The pulsation of all borders of the 
heart was normal. 

Electrocardiographic tracings made after the operation showed initially a return to an 
abnormal configuration and, August 7, 1944 (Fig. 12 F), fho T waves in Leads 1 and 4 were 
low or isoelectric. Four days later, Aug. 11, 1944 (Fig. 12 6?), both T 1 and T 2 became 
inverted with the S-T segments rounded and upwardly convex. In Leads 4 and 3 the T waves 
remained low and inverted respectively. One month later. Sept. 11, 1944, the electrocardio- 
graphic tracing showed a striking improvement (Fig. 12 E) with the T waves in Leads 1, 2, 
and 4 upright and of normal voltage. The QRS complex in Lead 1 showed an increase in 
the depth of the S and a decrease in the amplitude of the B waves. A final tracing made 
Sept. 19, 1944 (Fig. 12 7), showed no change and it was interpreted as being normal except for 
a tendency to a right axis deviation. 





fis- 12 G-I G, Auk. 11. 1344 Rate- Auricular. 110/120 per minute; ventricular 110/120 

second: rhythm, normal; QRS complexes: 0.08 to 0.10 second, 
Piasic C®S 1; deep Sj. T waves: inverted; Tj low. r> r 

inf 11, 1944. Rate: Auricular 80 per minute; ventricular. 80 per minute. P-R 

Prominlnt®'^ second; rhj-thm, normal. QRS complexes : 0.10 second ; QRS 1 diphasic; Sj 
prominent. T waves: Ti-*., upright- Tg inverted; S-T 4 elevated 1.5 to 2 0 ^m. . 
interval Rate Auricular. 100 per minute: ventricular. 

nverlnV. second; rhythm, normal. QRS complexes; 0.08 to 0.10 second, QRS 1 

•verrea. Si prominent. T waves: Ts diphasic: Ti-:-. upright. 


Examination, Sept. 20, 1944, one week prior to evacuation sliowed the chest wall to be 
firm and without defect or weakness at the operative site. The heart tones were normal in 
quality and there was'no evidence of cardiac enlargement. The resting pulse rate was 88 per 
mmute, after e.xercise 116 per minute, and two minutes after exercise 92 per minute. The 
blood pressure was 120/65. There wa’s no neck vein distention, the liver was not enlarged, 
snd there was no ankle edema. 


COMMENT 

It 5s not OUT intention to recommend, from the experience with these two 
cases -and the- one previously reported by us,’ that all foreign bodies of the 
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pericardium should be treated surgicall}’’, but it is our desire to call attention to 
certain aspects of a problem that at present lacks a positive plan of manage- 
ment. 

In viewing the available literature""* we are unable to find any clear or defi- 
nite opinion as to the treatment of patients in this type of case as a group. For 
the most part the question of surgical intervention lies with the clinical appraisal 
of each individual case by both internist and surgeon. The patient’s symptoms, 
the objective evidence of pericardial or myocardial changes, and the possibility 
of future complications are to be balanced against the operative risk. Each of 
these points of evaluation arc at present subject to wide variations in interpreta- 
tion, and clear, concise discussion of the S3’mptoms, the signs, the pathology 
encountered, and the possible complications is laeldng in most reports. 

Pain of a dull aching character occupying the low substernal and precordial 
areas, increased hj^ exertion but without a tendenej’" to radiate to the neck or 
dovm the arms was an outstanding complaint of the patient in Case 2 of this 
report and also in the one previously reported.* In the latter this sjonptom 
existed over a period of five months after the injurj' without the patient being 
aware that the foreign bodj’’ was present and was of such a severe and per- 
sistent character as to necessitate his being placed on light duty. Even in this 
capacity he reported his complaint frequently to his medical officer who re- 
ferred him again to the hospital. Following the surgieal removal of the 
foreign body there was complete relief of pain. In Case 2 of this report the 
patient had distinct improvement of the pain after operation. In Case 1 the 
patient did not complain of precordial pain either before or after operation but 
his I’eaction to exertion could not be evaluated completely due to the fact that 
he remained in bed throughout the period of preoperative obseiwation. 

Another sjmiptom less definite in nature but existing, nevertheless, in each 
patient was the anxiety frequentty seen and so often commented upon, resulting 
from the presence of an unremoved foreign body, which is especially marked 
when vital areas are involved. Each of these men expressed a desire to have 
the foreign body removed, offered no objection to surgical intervention even 
though made well aware of the serious nature of the operation, and were most 
gratified after its successful completion. 

The presence of extensive and dense fibrosis within the pericardium has 
been an outstanding finding in each case and probably is the undertying basis 
for the subjective complaints and the abnormal objective findings noted. As a 
result of this observation and especiallj’' as a result of our experience with one 
patient (Case 2), we feel that the optimum time for surgical removal is as soon 
as the circulatory function becomes stable and the patient’s general condition 
permits. In this case, during the early period of observation, the foreign bodj”^ 
was shown to be freely movable and readily accessible within the pericardial 
sac. Later it became fixed bj'^ dense adhesions on the postero-inferior surface 
of the left ventricle, therebj^ increasing the technical difficulty and hazard of 
the operation. 

There were abnoianal electrocardiographic findings in the case previously 
reported* and in each of the cases of this report. In the former these were inter- 
preted as indicating myocardial damage because of the depth of the inversion of 
the T waves in Lead 4 and the failure of the patient to show improvement in 
the seven weeks of observation following operation. In Cases 1 and 2 of this 
report the electrocardiographic changes were thought to he due to pericardial 
damage. In both instances the electrocardiogram showed a return to a normal 
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configuration following the operation. In Case 2 there was an initial improve- 
ment in the electrocardiographic pattern prior to operation followed by a 
temporary return to an abnormal configuration immediately following the 
surgical removal, in the course of which manj' adhesions between the epicardium 
and pericardium were freed. 

In addition to the .immediate consequences of a foreign bodj'- within the 
pericardium, subsequent developments of a serious nature may result. There 
is always the danger of infection arising at the location of any foreign body, 
particularly when organic material, such as clothing, may likely be present as 
is often the case with penetrating shell fragment and bullet Avounds. The ad- 
jacent vital structures such as the heart chambers or the great vessels may be 
eroded or penetrated, Avith serious or disastrous results. 

SUMMARY 

1. Two cases of foreign bodies Avithin the pericardium successfully remoA’ed 
are reported in addition to a previously reported case. 

2. These cases are being reported because the present literature and aAmil- 
able information on the management of such eases is indefinite and indecisive 
and the problem deserves further study. 

3. Each patient shoAved extensh'e and dense adliesions betAveen the epi- 
cardium and pericardium and around the foreign body Avdiich is thought to be 
responsible for the sjnnptomatology and abnormal objective findings encountered. 

4. Surgical removal as .soon as the patient’s condition warrants is advisable 
before the foreign body becomes encased in dense adhesions or fixed in an 
inaccessible area. 
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A EOUTINE FOR EARLY SKIN GRAFTING OF DEEP BURNS 


Major Benjai^hn W. Ravstles, Jr., Medical Corps, 

Army of The United States 

T his paper presents the experience in the treatment of a . group of 154 
patients with burns in an overseas U. S. Army General Hospital during a 
fourteen-month period in Italy. Forty-two, or 27.2 per cent, required grafting 
as compared with 54 per cent of a group of 78 burn injuries previously re- 
ported,’^ the great difference being due to the position occupied by the hospital 
in the chain of evacuation during the two periods. In a number of instances 
the burns were associated, in addition, with nerve, bone, and soft part injuries, 
since 33 per cent of the patients had been Avounded in action. We have been 
interested primarily in the late management of deep burns, since a majority 
of this group received the initial treatment in other medical installations and 
were transferred to this hospital from a few days to iveeks after the injury. 
Control of infection is of paramount importance at this time if prompt healing, 
with early and successful grafting when indicated, is to be accomplished. 

Infection, besides jeopardizing the life of the patient, complicates the suc- 
cessful treatment of burns in the following ways; (1) the healing of second 
degree burns is delayed ; (2) deep second degree burns with sufficient viable 
epithelium for complete coverage may be converted into third degree burns; 
(3) in third degree burns deeper destruction of tissue occurs with increase in 
scar tissue formation; (4) grafting may have to be delayed unnecessarily and 
may even be unsuccessful Avith the formation of more sear tissue and con- 
tractures; and (5) even after the successful take of grafts, furuncles and 
pustular infection delays the healing of small uncovered “inbetAveen” areas 
and destroys portions of viable grafts days or Aveeks later. The problem, 
therefore, in burn therapy after shock has been overcome is to control infec- 
tion and obtain a closed Avound as rapidly as possible either by the healing of 
undestroyed epithelium or by skin grafting. 

Penicillin has been used in the primary treatment of burns in this theater 
since June, 1944. It is given intramuscularly in doses of 25,000 units every 
three hours. Infection is controlled in the majority of cases, provided the pri- 
mary dressing is left undisturbed for from tAvelve to fourteen days. It is our 
impression that oral sulfadiazine is just as dependable as penicillin during this 
stage of the treatment. Any drug therapy is only an adjunct to good surgical 
management and much of the credit for the control of infection must be given 
to the simple surface treatment used by the U. S. Army. This Avas originally 
described by Allen and Koch- and briefly consists of (1) meticulous cleansing 
of the burned surface,* and (2) a resilient pressure dressing Avith fine mesh 
gauze impregnated Avith petrolatum or boric acid ointment next to the burned 
surface ; this should not be changed for tAvelA'c to fourteen days. Care is taken 
to splint adjacent joints, and, in the case of extremities, to see that the pres- 
sure dressings begin at the toes or finger tips and extend Avell above the burned 
area. Elevation of temperature occurs Avhen this routine is used, but only on 
rare occasions is it necessary to change the primary dressing any earlier than 

Received for publication, Aprii 28, 1945. 

•Minimal ddbridement is used in the modiflefl routine of the Army. 
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tivelvc to fourteen days for the purpose of inspeetion. All dressings are done 
with strict surgical technique under an anesthetic in the operating room if the 
burns are at all extensive. A majority of second degree burns are found healed 
when the primary dressing is removed, and there is only minimal contamina- 
tion or infection in the case of deep burns. All loose, dead skin and the tops 
of unbroken blisters are removed in unhealed second degree burns and a 
second petrolatum gauze dressing applied, leaving this undisturbed for another 
ten or fourteen days. Healing is complete in the majority of the remaining 
patients when this second dressing is removed, exeeiit Avhen there are ai'eas of 
full skin destruction present which had not been i)reviously recognized. 



in.. V 5 (see Table I). Photograph taken twenty-four da>s after injury show- 

n J’ealed. Area of full-thickness burn measured 2.100 sg. cm. and had to be removed 

Ux Grafting was done in one stage five days after removal of last slough and 

t^\ent>-flve days after the burn was incurred. 


The recognition of full-thickness burned skin and its prompt removal is 
necessary if grafting is to be done early. The identification of nonviable skin 
hy means of sodium fluoroscein® and the excision of such areas followed by 
immediate grafting,^ either when the bui'n is first seen or at the time the first 
01' second dressing is done, has been suggested. In principle, primary excision 
IS ideal but practically there are several disadvantages. Fluoroseein has not 
been available through Army channels and so ive have had no experience in 
the use of it. First, the difficulty of otheinvise recognizing the area of complete 
skin destruction and, second, the extensiveness of the area to be excised in an 
acutely ill patient usually preclude such early removal. Slough has been 
Partially excised at the time of the first dressing, but there are limitations to 
this. Even at this time it is difficult to tell the limits of full-thickness burns 
and it is felt that viable epithelinni -would be sacrificed if complete excision is 
always attempted in extensive burns. Slaiiy times the slough is dry and its 
Removal is so difficult and time consuming that even -with tivo operators ivork- 
^7ig, it must be done in stages. The practice is to excise all or as much demar- 
cated slough as possible at the time of the first change of dressing and there- 
a ter at three- or four-day intervals until all of it is removed. An illustrative 
C-^ample is Case 5 (Pig. 1) in our series, in Avhieh there -vvas 2,100 sq. cm. of 
futl-thickness burned skin, the removal of which required four trips to tiie 
cpeiatiiig room at three-day intervals. 
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The poor condition of most of the patients in this series along with the 
length of time consumed in removing slough contraindicated immediate graft- 
ing hut a routine was adopted which Avorks satisfactorily. At one time normal 
saline solution or azocholoramid in saline ivet dressings Avas used to hasten the 
separation of slough and for the final preparation of the granulating AA'ound for 
grafting, hloisture often seemed to enhance the growth of Bacillus pyocyaneus, 
proteus, and other contaminants and also macerated the surrounding skin 
edges. It has been felt by Cope'^ and others that this macerated sldn Avas a 
good culture medium for any bacteria present. The frequent changes neces- 
sary AAuth a Avet dressing also afford an excellent opportunity for the reeon- 
tamination of the Avound by a break in aseptic technique or by air-borne infec- 
tion. It Avas found that penicillin gh'en parentcrally did not control infection 
Avhen this routine Avas used and grafting frequently had to be delayed. In 
June, 1944, at the suggestion of Lyons,® AA’e began applying dry, fine me.sh 
gauze pressure dressings after the last slough had been removed and continued 
or began intramuscular penicillin in doses of 25,000 units every three hours. 
The dressing is left undisturbed until the patient is taken to the operating 
room four to six days later for grafting. The additional time is tised to bring 
the blood values to normal Avith transfusions of blood or plasma as indicated. 

The folloAA'ing advantages result from this routine. First, infection is con- 
trolled. Fifteen patients AA'ere ti-eated in this fashion and in CA'-ery instance 
grafting Avas done four to six days later. The maximum elapsed time betAveen 
the injury and primary grafting Avas thirty-tAA'o days Avith an average of 25.5 
days for the group (Table I), AA'hile in a group of patients prepared AAUth AA-et 
dressings the average elapsed time before grafting AA^as 41 days (Table III). 
The remaining patients grafted reached our installation in from 30 to 60 days 
after incurring the burn injury and usually had been treated AAuth saline solu- 
tion Avet dressings. On admission all slough, AA'hen present, is removed, the 
skin edges cleaned AA-ith Avhite soap and AA'ater, and a dry, fine mesh gauze 
dressing applied. Grafting Avas possible four to six days later in every in- 
stance regardless of the amount of contaminatioir or infection present on 
admission (Table II). Second, grafting is more successful since infection is 
controlled and also because this routine makes earlier grafting possible. We 
do not have figures on our eases to demonstrate this but Hirshfield and others' 
1 ‘eported a greater percentage of take of grafts AA'hen penicillin Avas used. 
Actual determination of the percentage of take of grafts in the case of burn 
AAmunds is difficult to appraise because many times grafts are placed oaw ai-eas 
containing epithelium. The earlier grafting is done the more frequently does 
this occur but skin is an ideal dressing and the excess can easily be cut aAAmy 
at subsequent dressings. Third, the patient’s discomfort is greatly reduced 
by this simple routine. Patients have been fi'equently heard to say “I thought 
burns AA'ere painful but mine haA'e not been.” Fourth, sear tissue and resulting 
contractures are diminished by early grafting. Fifth, the amount of dressings, 
drugs, and other supplies necessary for treating a burn are reduced, medical 
personnel are freed for other duties, and many days of hospitalization are saA^ed. 

When this technique is used, the burn AAmunds are found covered Avith 
healthy granulations at the time of grafting, although four or five daj^s pre- 
Auously the dissection was carried doAAm to subcutaneous tissue. These granu- 
lations are not disturbed. HoAAmA'er, in the patients admitted late, it is often 
necessary to cut the exuberant granulation aAvay. Split-skin grafts are ahA'ays 
used, and are removed either Avith the Padgett dermatome or AA-ith a modifiea- 
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tioii of llie Blaiv-Bi’own knife yHIi a roller allaclunent. When the area to he 
covered is extensive, the latter method is preferred because the amount of 
skin necessary can he obtained in a much shorter period of time and it is felt 
that complete coverage is more desirable at this time than cosmetic appear- 
ance. Grafts are not .sutured in place except in the case of large dermatome 
sheets when this is important if stretch of the skin to the original size is to be 
obtained. It is our exiieriencc that grafts become firmly adherent within a few 
minutes after being placed, because the necessary substances for adherence are 
present in the wound itself. We have not used plasma and thrombin® but have 
tried 50 per cent gum acacia .solution.'* No difference was noted in the take of 
grafts with or without gum acacia, although pressui'e dressings were alwaj’^s 
applied. Plasma and thi-ombin and gum acacia may provide perfect contact 
between the graft and the vound so that pressure is not necessary but it is felt 



!)• Photograph taken 
<ng burno injury, B, photograph taken si 

‘b burns healed except for several small 


I in operating room before grafting 
■ixty-three dajs after injury, show- 


a pressure dressing is safer, more comfortable to the patient, and pro- 
motes healing by preventing the accumulation of fluids in the tissues. A 
petrolatum gauze pressure dressing with splinting of the adjacent joints is 
^Pplied to both the donor and recipient areas, care always being taken to begin 
pressure dressing at the toes or fingers. The dressing on the grafted area 
is removed on the fifth or sixth day after operation nlieu all sutures, if used, 
■lie removed and noiiviable and ovei'lapping skin cut away. This greatly le- 
duces the chances of serious infeetion and better assures the continued via- 
1 ity of all skin that has taken. The dressing on the donor site is not changed 
Piitil the gauze next to the wound becomes loose, which usually happens from 
ourteeu to twenty-one days following the I'emoval of the grafts. IMost of the 
niior sites are healed at this time. 


Table III. Patients Pbepaked fob Grafting With Wet Dressings 
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THE INTEAHILAR AND RELATED SEGHEHTAL ANATOHir OP 

THE LUNG 

Edward A. Boydex, Ph.D., jMixxeapolis, jMixx. 

CFrom the Jnsfitute of Anatom)/, University of Minnesota) 

T O 'WILLIAM E’WART, physician and pathologist of the Victorian era, 
belongs the credit of first displaying in detail "the general ari’angement of 
parts within the lung.” Reasoning that without such knotvledge there could be 
no sj’stematic development in the diagnosis and treatment of pulmonary diseases 
(especially "pulmonary cavities”), he established in 1889 a nomenclature cover- 
ing even the moderate-sized branches of the bronchial and vascidar pulmonary 
trees. That his system of nomenclature Avas somewhat ponderous and incon- 
sistent, that he sometimes carried rigid description beyond the limits of useful- 
ness, and that his sketches Avere not alAAmys decipherable does not minimize the 
fact that he anticipated by nearly one-half a century the needs of modern thoracic 
surgerA* and presented Avith extraordinary accuracy an enormous amount of ana- 
tomic detail. Indeed the Avork is the more remarkable in that the contemporary 
and subsequent search by anatomists for an ancestral pulmonary pattern, AAdiich 
might have been expected to yield an authentic nomenclature, foundered in 1920 
AAith Huntington’s conclusion that the primitive mammalian pattern aa^s neither 
eparterial nor hjqAarterial but selective, that is, that the stem bronchus of 
mammals is plastic, having the potency to develop buds anvAA'here on its circum- 
ference in response to the respiratory needs of the species and the location of the 
space available for expansion. On this basis the patterns in different species are 
not expected to be closely homologous (neither are right and left halves in the 
same species). Accordingly, the problem for the anatomist becomes that AA’^hich 
Avas conceived by Ewart, namely, to describe the parts of the lung topographi- 
cally, in terms of the prcA’ailing structure to be forrnd in a given species. 

The distinctive feature of EAvart’s Avork Avas his recognition of the fact that 
"the lung must be divided into yet smaller I’egions [than the lobes] in order to 

attain simplicity in description Thus, in addition to the apex and to the base, 

to the upper and to the loAver axillarj' regions, Ave shall have to speak of the 

This article is an outgrowth of a surgical staff conference in which the author was asked 
bv Dr. Owen H. W^angensteen to discuss the anatomy of segmental pneumonectomy. Search ol 
the literature having failed to j-ield any comprehensive figures of dissections of the external and 
interlobar surfaces of the lung, the author was obliged to make preliminary dissections. The 
present article is an attempt to remedy that defect in the literature. 

Aided by grants from the Medical Research Funds of the Graduate School. 

Received for publication, Sept. 30, 1945, 
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‘pectoral,’ of the ‘cardiac,’ of the ‘mid-dorsal,’ of the ‘rctroeardiac,’ and of 
other regions. . . . But in doing so we discover that tliC districts in question 
are practically identical with the respective territories of the several primary 
bronchi.” Thereupon he proceeded to dcscrihe nine ‘‘bronchial diairibuiions” 
or “primary bronchi.” 

Forty-three yeans later (1932) the bronchoscopists Kramer and Glass ar- 
rived at the same conclusion. In order to tell the position of an abscess in the 
lung they felt it necessary ‘‘to establish smaller and more accurate units of locali- 
zation than the lobe.” This unit they called the “bronchopulmonary segment.” 
Apparently unaware of Ewart's work. Glass identified eleven segments, the nine 
of Ewart’s with the pectoral and cardiac distributions further su]}divided. In 
addition, Glass pictured for the first time the position of the segments on the 
surface of the lobes.* 

This article stimulated other bronchoscopists to present revised systems of 
nomenclature, but in 1938 a new direction was given to the movement by Church- 
ill who called attention to the bronchopulmonary segment as a unit of surgical 
importance in resections of the lung for bronchiectasis. Soon there followed 
a series of articles by Churchill, Bladas, and others dealing with the surgical 
anatomy of the hilum, including blood A’e.ssels as well as ])ronchi. Important 
as these studies are they have raised the question as to hoAv a beginner, at least, 
could adequately identify structures in the hilum t unless he Inrew more about 
their peripheral distribution. In short, what is still needed is a series of dis- 
sections showing the arrangement of parts unthin the anterior, the interlobar, 
and the posterior surfaces of the lung, together with a terminology simple enough 
to be easily retained. The anatomist Avould also wish to inquire to what extent 
the segments may be considered bronchovascular units. 

With this object in view I have made complete dissections and sketches of 
two pairs of lungs. The first set of seven drawings was preliminary ; the second 
"as made with a view to publication. In the latter series, the artist, Miss Jean 
Hirseh, first sketched the contours and surfaces of the lobes life sized; then I 
dissected the lobes and carefully sketched in an outline of dissected parts; the 
aitist traced these di’awings and rvith the specimen befoi’e her, rendered them 
m depth; last, all tissue rvas stripped fi’om the bronchial tree and the latter 
accurately drawn by me (Pig. 1). It rvas to be expected, of course, that in cer- 
tain minor respects the anatomy of the specimen chosen for publication would 
turn out to be atypical, but this merely emphasizes the variations which w'e have 
come to learn are as important as the norm. Also, it should be pointed out that 
since these drawings were made w'ith a view to the needs of anatomists an 
surgeons, the anterior margins of the upper and middle lobes have been retracte 
laterally. This distorts the in situ x’elations so essential to the roentgenolo^t. 
®ut it is maintained that even for the latter the preliminarv' experience acquired 
iu dissection is requisite to an understanding of lung structure. 


GENERAL OBSERVATIONS 


I have selected the nomenclature of Jackson and Huber (1943) as the most 
satisfactory, for two reasons. First, believing that the largest segments into 
" nch each lobe divides are those of the greatest clinical importance, they have 


Will niW * Objective beingr to - 

present itself for drainage. ,,, ,, , latter Is 
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broneliTis of the 'uppei* lobe. ' It has been numbered instead of B^ for the 
reason that neither it nor its artery is seen in an anterior dissection of tire 
upper lobe. Furthermore, its blood supply, A^, Plate 5, is frequently unrelated 
to that of the other bronchi, whereas the arteries accompanjing the apical and 
anterior brorrchi have a common hilar steirr, A^, A-, Plate 4. From a practical 
standpoint, therefore, arrd considering the vessels as rvell as tire bronchi, it is 
necessary to number these segments in the order in ^Yhich they are exposed by 
dissectiorr or encountered surgicalh'. With this iirtroduction let us consider the 
general characteristics of the right brorrehial tree. 

The Bronchi of ihc Bight Upper Lobe. — ^First, the upper lobe bronchirs 
arises almost at the bifrrrcation of the trachea (Fig. 1). Therefore, it would be 
much more difficrrlt to amputate the whole right lung than the left and there 
would be more likelihood that a bronchial fistula would develop. 

The superior lobar bronchus, S (the eparterial bronchus of Aeby), is like- 
vrise verj' short. It branches almost immediately into three stems, the apical, 
anterior, and posterior segmental bronchi. Ewart stated that B^ (his “pectoral” 
distribution) is the first to branch off and that B^ and B^ have a common stem 
(the “axillarj'-apieal” trunk), but this is variable. B- and B^ may arise from 
a common trunk, as in Fig. 1, or 5' and B‘ (Brock, 1942) ; more commonly the 
three maj- form a trifurcation. B' and B^ divide in such a way as to constitute 
a tier of four bronchial planes distributed through the thickness of the apical 
half of the lobe. The first two planes, B’a, B'h, Plate 4, may be seen beneath 
the anterior surface ; the last two, B^aJ, B^hl and B^(i2, B^h2, may be seen deep 
to the posterior surface of the x;pper lobe (Plate 5). In some specimens in 


EXPLANATION OF PLATES 


Plates 1 to 3. — ^Dissections of anterior, interlobar, and posterior surfaces of left lung of 
66-j'ear-old -white man (X14). 

Plates 4 to 7. — Dissections of anterior, upper and lo-wer interlobar, and posterior surfaces 
of right lung of same subject (XX^;). 


Segmental Bronchi (Eight Lung) 
S, Superior lobar bronchus 
U', Apical 
B', Anterior 
B', Posterior 


Jf, Middle lobar bronchus 
B', Lateral 
Medial 

I, Inferior lobar bronchus 
n®, Superior 
B', Medial basal 
B®, Anterior basal 
B®, Lateral basal 
B”, Posterior basal 


B*, Subsuperior segmental bronchus 


Left Lung 

S, Superior lobar bronchus 
U, Upper division 

B®-*®, Apical-posterior 
B-, Anterior 

Li, Lnwer (lingular) division 
B®. Superior (lingular) 

B®, Inferior (lingular) 

I, Inferior lobar bronchus 
B®, Superior 

B" .Vnterior-medial basal 

B®, Lateral basal 
B'®, Posterior basal 


(inconstant in presence and position). 


Segmental Arteries 


Tributaries of Pulmonary Veins 


A®, Apical -j 

Right 

A®, Anterior 

^ upper 

A®, Posterior) 

lobe 

A®, Lateral "j 

L ^Ziddle 

A®, Xledial J 

1 lobe 


A*, Apical 


A=, Anterior 
A®, Posterior 

A®, Superior 
lingular 
A®, Inferior 
lingular 


Left 
L upper 
1 lobe 


{Superior pulmonary veins) 


V, .Apical- 
anterior 
V®, Inferior 
y®. Posterior 

T®, Lateral 

V®, Medial 


Right m®®. Apical- 
upper posterior 

lobe V®. Anterior 
V®, Superior 
lingular 
.Middle T®, Inferior 
lobe lingular 


Left 
Lupper 
I lobe 




A®, Superior 
A®, Medial basal 
A®, Anterior basal 
A®, Lateral basal 
A®®, Posterior basal. 


.Lower 

lobes 


{Inferior pulmonary veins) 

V®, Superior -i Right 

V®. Medial basal and 
V®, Anterior basal >Ieft 
T®. Lateral basal j lower 
V®”, Posterior basal J lobes 


A*, Subsuperior segmental artery (inconstant in presence and position). 
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which the lobe is thinner iuul the branching more fan shaped (liore aiv only 
two or three lici's. 

The apical segmental broncluis, B\ divides into an anterior ramus, u, and 
a posterior raimis, d (the anterior and posterior ascending apical trunk-, of 
Ewart). Of signiheance to the vascular .sysloin is tlic wide angle at wiiidi Oie 
anterior suhramas B‘a2 (the traclieal-apieal trunk of hlwart) leaves the imnu 
stem, thereby giving to B’ the ai)poarance of a 1ri])od. As a result, llic eoii. - 
sponding artery, Ab frequently l)reak.s up into three rami. Hegarding tlie com- 
mon anomalies, Brock (]{)d4) described several siiocimens in which a super- 
numerary apical broncluis arises from tlie riglil bronchus or even from the 
trachea itself. This suggo.sts the ])attern found in cattle, pies, and wliales 
hut differs from it in having only one instead of a cluster of branches wJiieh 
aretraclieal in origin. Brock also de.scribed the varying numlier of apical rami 
which supply the lobe that is cut off anomalously by tbe azygos vein. 


The anterior segmental bronelnrs, B' (the pectoral of Ewart), is of special 
clinical interest. In ca.ses of broncliiectasis wlierc tlicre is little involvement of 
dm rest of the upper lobe, this segment j.s now sometimes resected by itself 
(Blades, personal communication). The broncluis divides into a lateral ramus, 
a I’etreating branch whicli distributes to the region lying deep to the axilla, 
mid an anterior I'anuis, b, wliich descends to tbe tip of tlie thin inferior portion 
of the upper lobe. (Ewart’s names for tliose are tbe mid-pectoral and sterno- 
Pectoral bi'onelu.) Several bronchoscopists (and surgeons) have elevated 
ond B‘h to tbe categoiy of segmental bronchi (namel.v, Kramer and Glass, 
Churchill and Belsej', Neil and associates, Adams and Davenport). Perhaps 
fhis is because theSe rami occasionally branch directly from tbe upper lobe 
ronehius or, pei’liaps, because Kramer and Glass considered B^b to be one of 
me tw’o most common sites of lung abscesses in tbe upper lobe; the other is 
(Brock, 1942, considered B-a'and the more common sites.) In any 
cient it seems sufficient to refer to them as tlie lateral and anterior rami of B . 

The posterior segmental bronchus, B^, divides into a postei’ior ramus, a, and 
a lateral ramus, b, Plate 5 (the retro-axillary and axiUary trunks of Ewart). 

uieallj’-j the posterior segmental bronchus is tlie most important segment in 
»e I'iglit upper lobe (Brock, Hodgkiss, and Jones, 1942). Because of its pos- 
eriorly placed orifice, it is the first to become abscessed from particulate infected 
“^atei-ial inhaled or aspirated from tbe upper respiratory tract. Brock and Ins 
associates have demonstrated, experimentally, bow quicldy iodized oil passes 
'Wo the posterior ramus of B^ or lateral rami of B^ and B-% depending on 
' 'Other the patient is lying on the back or right side. 

Incidentally, one is tempted to question Brock’s preference for Neil’s 
O'Ji “snbapieal.” If this name for the posterior segment is intended to 
'nWcate that the segment is inferior to the apical segment then it should be 
n ed out that it is no more subapical than the anterior (pectoral) segment. 

IS intended to mean that it is beneath the apical segment when the patient 
supine, then posterior or dorsal is much more accurate. In fact, the anterior 
ide^ position of the “pectoral” and “subapical” segments are tie 

cas which it is most desirable to retain. ,, t . 

tho 1 objections maj' be raised to the use of the term ^ axi aij oi 

so branches of B- and They do, indeed, project into tlie axilla, 

can understand the usefulness of this term to surgeons hut it is 
lobf ffio use of the same term to designate lateral brandies of the inferior 
Ws which certainly do not project into the axilla. For tliese and other reasons 
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it would seem that Jackson and Huber chose most udsely in employing, first, 
only the terms apical, basal, and lingular, which describe universally recognized 
parts of the lung, and second, only the terms anterior and posterior (ventral 
and dorsal), superior and inferior (cranial and caudal), and medial and lateral, 
■which indicate the position of segments -ftdthin a lobe. In thus selecting the 
terminology of Jackson and Huber as tlie simplest and most logical yet proposed, 
I do not wish to detract from the work of Brock which, perhaps, constitutes the 
most comprehensive and clarifying study of the bronchial tree that has appeared 
since the time of Ewart. 

Incidentally, in discussing the surgical approach to the ])osterior segment, 
Brock (1942) has done a great service in demonstrating that the upper posterior 
level of the interlobar fissure is most commonly the fifth rib or interspace, that 
is, one or two segments lower than is given in most anatomic texts. Finally, 
he has presented most significant diagrams of the surfaces of the upper lohe, 
showing the variations in the extent of the three segments, that is, how the 
apical, the anterior, or the posterior segments may encroach upon each other’s 
territorj’-. 

Between the upper and middle lobe bronchial orifices there is a stretch of 
the right bronchus (Ewart’s bronchus intermedins) which is grooved anteriorly 
and laterally by the superior interlobar portion of the right pulmonary artery 
(Plates 5 and 6). For reasons which will be stated later, this is the level at 
which resection of the right inferior lobe sometimes lias to be made (Kent and 
Blades, 1942a). 

The Bronchi of the Middle Lohe . — The middle lobar bronchus, ill. Fig. 1 
(the cardiac of Ewart), usually arises slightly above the orifice of the superior 
bronchus of the lower lobe, While appearing anteriorly to originate at the 
level of B‘, its higher origin, even in this view, is indicated by a crest which 
descends obliquely from the medial side of the right bronchus (Fig. 1).*' Even 
so, the position of its orifice greatly complicates amputation of the lower lobe 
(Churchill, 1940). Conversely, septic material may drain into the middle lobar 
bronchus from an abscessed superior bronchus, especially if the patient is treated 
in a prone position (Bi’ock, 1943). Furthei’more, it may be strangulated by 
enlargement of the lymph nodes which surround it (Bi’ock, 1943). 

Commonly it divides into lateral and medial segmental bronchi, B^ and 
Fig. 1. The lateral segmental bronchus, B^, Plates 5 and 6, divides into a lateral 
I’amus, a (the outer mammary-cardiac of Ewart), which supplies the lateral 
angle and lateral fourth of the middle lobe and a posterior ramus, h (the descend- 
ing mammary-cardiac of Ewaii;), which supplies the middle portion of the 
lateral half of the lobe. The medial segmeirtal bronchus, B^ (the inner cardiac of 
Ewart), supplies the medial half of this lobe and divides into an anterior ramus, 
a, Plate 5 (the sterno-eardiae of Ewart), and a posterior ramus, b (the inner 
posterior cardiac trunk of Ewart). Prom Ewart’s descriptions it would seem 
that in his specimens ramus B^b had shifted medially to become a branch of 
B^. Credence is lent to this view by the fact that ramus B^h is accompanied 
by a branch of the medial segmental artery, A^x, Plate 6. Also, in Brock’s 
Pig. 48b, the median bronchus carries most of the branches. In another speci- 
men, however, rami corresponding in distidbution to B*a, B^h, and B^h of Plate 
6 are all branches of the lateral segmental bronchus and all are accompanied 
by rami of the lateral segmental artery. This tendenej'' for ramus B^b to shift 

•This is formed by the pressure of the right pulmonary arterj\ In the specimen shown 
in Pig. 1, the crest is occupied by a ramus of the bronchial artery. 
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iiu'itlior dircclion iiijiy oxplnin Avliy lliroo nrlorio.s of )lie middle lolx' .iiv •'jiid 
to be as common ns 1 m‘o. 

Appaveutly, tiiereforo, tlion- is considerable variation in the braneliimr 
of the middle lobar division so that final determination of the prevailing: paltern 
mast await further study. Such shift inir of braiudies from one seprment ti; m- 
other would .seem to eomj)lieate any attorn])! to resect cither the middle or latenil 
segment by itself. In a pensonal eommnnieation, Blades wrote from the i 
heed Haspital in Washington that ho has never tried this since '‘it has always 
seemed that this dissection would be very diflieult and the amount of lung' tissue 
saved when the middle lobe is involved would not .iustify llie additional technical 
difficulties. ” 


The Bronchi of iJir Bir/hi Lower Lohr . — The first branch in the iowei loin 
is the superior segmental lironehus, JV (the jioKferior-horizontal di'.trilaitiou 
of Ewart, first hypartorial dorsal bronchus of Acliy, or ai)ical bnmelun o' 
Kiamer and Glass). This arises from llie posterior or slightly j)osterolalerai 


aspect of the riglit bronchus at the beginning of the lower lobe. As Ewait 
leniarked, '‘This distribution ])rcsents Avell-markcd individuality.” Frequently 
it is separated from the loM’cr lobe by an iiieisure. Deve (1900) noted that 
such a fissure ivas more common on the right side and in children. In 11 out 
cf 180 right lungs the separation Avas com])lcte and continued the plane of the 
secondary (horizontal) fissure. In 29 more there Avas an incomplete separation 
of the segment making a total of 22 per cent in Avhicli there Avas some degree 
of separation on the right side. Surgically the .segment “can practically ahvays 
oe identified and removed separately” (Blades, personal communication). Like- 
''ise, it is one of the three segments in AA'hich abscesses commonly occur (Kramer 
and Glass). 


Its mode of branching is A'ariable, but I agree Avith Brock (1943) that there 
three principal branches. FolloAving Jackson and Huber’s method of nam- 
oig segmental bronchi, I liave named them as folloAAr • cnnpnor ramus, a, 

^ffites fi nn/A rr /ii. . » 


s: a superior ramus, a, 


-ates 6 and 7 (the superior of Brock or vertical ascending raid-dorsal of 
a lateral ramus, h, Plates 6 and 7 (the axillary of Brock or deep mid- 
arj posterior hoidzontal of EAvart), and a lAosterioi’ ramus, c, Plate 7 (the 
^araA-ertebral of Brock or vertical descending mid-dorsal of EAvart). Ewart, 
' lis abhorrence of trifurcations, described rami «• and c as having a ru i 
®ntery common trunk Avhich he called the short superficial posterior trunk, 
" in Plate 7, 6 and c are the ones that have a common trunk. In fact, any 
ih! . °^’^Sinate together, but Brock’s convincing injections leave no dou 
^ essentially tripartite arrangement. Of the three rami, tie a era 
i, nne most faAmrably placed to receive inhaled material. Of specia 

Wenest is ramus c which may extend doAvuAvard as far as the tenth nb, 

segment, the eighth 

(Brock, 1943). He also pointed out that the trunk of he xonchu 
such nodes and therefore subject to bronchostenosis. 

'’'^‘'^odeisshoAAminPlatee. 

tioii passing to consideration of the basal bronchi it is necessary to men- 

’>'■ independent subsuperior segmental bronchus, 

'atcrafc ^''Bieh is given off posteriorly (or someiA^at i^osteio^ 

lion int bronchial stem of the loAimr lobe just before le ” 

loi t posterior basal segments. Pig- 1 and Pla e r (th- ^h 

posterior horizontal distribution of EAvart and the second dorsal hypar 
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lerial bronchus of Aeby). Neil and co-anthors (1939), as well as Brock (1943), 
gave this “snbapical” branch the status of a segmental bronchus, since it 
is an independent trunk occupying the same relative position on the descending 
stem as tlie superior bronchus, except that it is 2 to 3 cm. lower do\vn. Brock 
was able to identify it in 88 of 170 satisfactory bronchograms. His injections 
indicate that this posterior segment is interpolated between superior and basal 
segments and may extend as far as the midaxillary line. In Plate 7, it divides 
into a lateral ramus, a, and a posterior ramus, h. Its importance is due to the 
fact that its position makes it vulnerable to postural inhalation of infected mate- 
rial and that an aljscess in this segment may coexi.st witli one in the superior seg- 
ment. Such an abscess usually presents in the paravertebral groove. 

Between the superior and the remaining segmental bronclii of tlie lower 
lobe there is an interval of P/i cm. on the right bronchus (Pig. 1), which is the 
common stem of the four segmental In'onclii wliicli reach to the base or dia- 
phragmatic surface of the right lung. At tliis level Cliurchill and Belsey (1939) 
were able to remove all basal segments, leaving the superior bronchus attached 
to the remainder of the lung. 

The first to branch off is the medial basal segmental bronchus, Fig. 1 
(the reti'o-eardiae distribution of Ewart or cardiac bronchus of Aeby and of 
Brock). This is the infracardiac bronchus of tlie embryo. In quadrupeds it 
forms an independent lobe; there it was noted by Galen and subsequently by 
the Talmudists wlio called it “the little xuse lobule” (Levin and Boyden, 1940). 
It bifurcates into an anterior ramus, a, Plate 6, and a posterior ramus, b, Plate 7 
(the anterior &d the posterior I'etro-cardiac rami of Ewart). The former dis- 
tributes to the anteromedial, the latter to the posteromedial surfaces of the in- 
ferior lobe and its base. Its main stem is said by Bi'ock to form a characteristic 
anteromedial curve. This is sugge.sted in Plate 6 but is best seen in a lateral 
bronehogram. Below the point where the medial basal is given off the lower 
bronchial stem continues for a short distance, then appeal's to divide, in an 
antei’ioi’-posterior order, into three additional basal bronchi. 

The anterior basal segmental bronchus, P* (the anterior-basic disti’ibution 
of Ewart), divides into lateral and basal rami, a and b, Plate 6 (the lateral an- 
terioi’-basic and cardio-basic trunks of Ewart). Kamus b is the longer and 
I'eaches the extreme anterior base. The shoi’tex*, a, does not reach the base and 
thus appeal’s to be a true lateral ramus supplying the costal as well as the 
anterior surface above the base. 

The lateral basal segmental bronchus, (the axillary-basic of Ewart and 
middle basal of Brock), is a replica of the anterior basal, lying more posteriorly 
and medially (Plate 6). It is the only segmental bronchus which is so overlaid 
by others that it cannot be well shoum in either anterior or posterior dissections 
of the inferior lobe inthout removing intervening branches. It is barely visible 
in Plate 6. Like the other basal bronchi it divides into lateral and basal rami, 
a and b (the axillo-retro-mammary and the continued axillary-basic divisions of 
Ewart). 

The posterior basal segmental bronchus, B^" (the posterior-basic distribution 
of Ewart), forms the largest of the basal segments and is the apparent continua- 
tion of the stem bronchus. In Plate 7 it can be seen bifurcating into a lateral 
ramus, a, and posterior basal rami, b and c (the lateral dorsi-basic and dorsi- 
basie divisions of Ewart). Prom a practical standpoint the lateral ramus is 
the most important (Brock, 1943), because next to the superior (and sub- 
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superior) bronchus it is vuluerable to tlio (lcve]o])!ncnt. oC ;ui A(i- 

parcntly the lateral rami of the hasal bronelti are inconstant. Occn.siuiialK a 
branch like li’^a may arise iiulcjiemlently from the stem bronclui.s. 

THE LEFT mtONCHIAI. 'illEE 

Huntington (1920) explained the bilateral asymmetry of the human bo > 
b\ suggesting that in the human embryo rotation of the heart (and sixth adiAf 
aiches) swings the right jndmonary artery vcntrally, while rotation of fla 
stomach swing.s the vagu.s nerve dorsally. thus creating room foe the development 
and e.xpausion of an eparterial bronchus jilnccd liigh uir on the dorsolalcral 
surface of the right lung bud. Convcr.sely, the same rotatioie^ lU' uig.-ois hae( 
roiight the left vagus and left pulmonary artery together, tluis < lo'-mu otf tin' 
couesponding area for expansion of the left bronchus. Ht' th.i! as it may t*" 
e t superior lobar bronchus forms much lower down on the left sidi ;nid ai ivs 
roiii the anterolateral in.stcad of the posterolateral surfaec of the .stem hruiminm 
1). If, further, we accept Huntington's conclusion that tlu- liugula' 
^uision of the left lobe corresponds to the middle lol)ar ])ronchus, .1/, itml that 
anterior segmental bronchi, /f-', arc comparable on the two sides, tiien the 
CO 'rl ^‘^'t^cted trunk, of the left superior lobar bronchus may be 
^^nsi eied an abbreviated representative of the apical, B‘, and posteinor, B', 
t^omental bronchi. Certainly on the riglit side lhc.so hvo trnnlcs may give rise 
'vbilo on the left side there may be only two. Correspond- 
^ e volume of the right apex is greater liian that of the left, 
ffled’ j'! I’egion in wiiicb there is lessened expansion of the lung is in the 
croacl P°^bion of the inferior lobe. Tliis is presumably due to the en- 
™edialT^^°^ curve of Aeby). Accordingly, the 

^iiteri ®®SW6utal bi'oncbus is represented by only a medial branch of the 

Huber (1943) have named the common stem thus 
fusion basal segmental bronchus. As a consequence of this 

f^stead^^f epical and posterior rami in the upper lobe, only eight 

Huber) ° ®®guiental bi’onehi are recognized in the left lung (Jacicson and 

liave bp however, the corresponding arteries are not reduced, the bronchi 

Th^ same on the two sides, 

soon aft Left Upper Lohe.—The superior lobar bronchus divides 

■^dams r bronchus into ascending and descending trunks which 

ofthelefr Have designated “upper” and “lower divisions” 

division y Hronehus, U and L, Pig. 2. The latter is also called the lingular 
anter sbowm in Fig. 1 differs from the usual pattern in that 

®outaI h bronchus, jB*, fails to arise with the apical-posterior seg- 

''ariation^^^TO Hus been displaced domiward. But this is a common 

®ore or 1 .^^fHermore, it frequently happens elsewhere in the lung that a 
“’ainintr ^!^^®”^ediately placed ramus may shift up or doum the fork or re- 
Posterinr to give the familiar tripod appearance, for example, the right 

bronchus, the posterior branch of the right lateral seg- 
onchus, B^h, Plate 6, and now of the left side. 

Hy Ewart, the upper division bronchus does not noi-mally 
of the superior lobar bronchus outward, as on tlie right 
abruptly upward, thereby diminishing the vertical distance which 
at tile fii-siM ^ points of origin on the stem bronchi. This is espeeia y i ue 
H^^t branch, the apical-posterior segmental bronchus, (the axillarj- 
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apical trunk of Ewart). Soon after its origin it divides into apical, B‘, and 
posterior, B\ limbs. Several autliors give these the status of segmental bronchi. 
The bronchoscopist doubtless prefers to consider these as subsegmental rami 
because the endoscopic view of the orifice of the upper lobar bronchus usually 
shows only two subdivisions, each of which is again subdivided into two bronchi. 
Another reason is that sometimes, as in the specimen shown in Fig. 2, the apical- 
posterior bronchus divides into thi’ce instead of two branches, ramus a then 
representing the combined B'a and B‘u of Fig. 1. 



Fig. 2. — ^Dissection o£ anterior surface of left upper lobe from a second cadaver, 
a white man, aged 65 years (XO.G). This specimen differs from the one shown In the plates 
in five major respects; (1) The anterior segmental bronchus (B“) arises with the apical- 
posterior (Ri*’) from the upper division (17) of the left superior lobar bronchus (this is the 
more usual origin) instead of from the lingular division (ii. Fig. 1). (2) There are two 

instead of Uiree arteries supplying the upper division bronchi, due to the union of apical and 
posterior segmental vessels (3) The anterior segmental artery (A-) arises from a 

truncus anterior instead of with the lingular trunk (Plate 2). (4) The superior lingular 

bronchus (B*) has no anterior ramus (see B*h. Plate 1). (5) The inferior lingual vein (!'•') 

drains anomalouslj" into the inferior pulmonarj' vein instead of into the superior pulmonaiy 
(see y“, Plate 1). 


The apical limb, B‘ (the ascending apical distribution of Ewart), supplies 
the inner and anterior portion of the apex and subjacent area (Plate 1). P 
divides into an apical ramus, a, and an anterior ramus, h (the posterior ascending 
apical and continued anterior ascending apical of Ewart). Ewart’s names 
would seem to imply that the two rami are comparable to the posterior and 
anterior parts of B‘ on the right side, but it seems more reasonable to consider 
the left B^ as eomparable only to the right B^a. In any case, these bronchi are 
seldom the site of lung abscesses (Brock, 1943). 

The posterior limb, B^ (the axillary distribution of Ewart; or subapical 
bronchus of Neil and Brock), supplies the posterior apical and lateral apical 
regions (Plate 2). Brock stated that it extended to the apex in onlj’ one of 
fifteen specimens, but presumably he referred to the very summit of the apex 
for his figures show a distribution to the descending lateral and posterior slopes 
of the apex. This posterior limb divides into a posterior ramiis, B^a (the pos- 
terior axillary trunk of Ewart), and a lateral ramus, B^b (the continued axillary 
trunk of Ewart). B^b is smaller than on the right side and somewhat less ''Uil' 
nerable to abscess formation (Brock, 1943). 
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The anterior sepnionl ill bronelius. li' (the jn'cloral (list ribut ion of Ewart,), 
should he a branch of the upper division of the HU]ierior lobar broneliiis. The 
ofiect of its having di-ifted down onto the lower division in this s])oeimen is to 
curtail the expansion of the lingular distribution, Li., Plate 1. As noted on 
the right side, the segments of the ujiper lobe may encroach uiion ciieh other, 
producing quite varying initterns. rsually, the iinterior segment is the laig'si 
in the upper lobe. It dividc's into a lateral ramus. B'a. Plato 2 (the ouioi 
pectoral trunk of Ewart or axillary iieeloral of Brock), and an anterior lanuis, 
S'h (the sterno-pectoral trunk of Ewart). The lateral ramus, .iccordiinr to 
Brock (1913), is clinically the most important branch in the toil upia-r lelu 
since it is as frequently ab.scess('d as the posterior scirnient of liio i ighi ni»per 
lobe. "When ahsee.ssed, it iiresent.s in the interlobar fissure (see Plaie 2). Son e- 
hnies, in cases of bronchiectasis, the amorior .segment is involvod ami is then 
removed with the lingular segments (Blades). 

The wferior or lingular dii-ixion of the superior lobar bronchi’', ,>uliioi iK 


nn area in the left upjicr lobe which is considered the equivalent of tlu muid! 
iohe. It is frequently separated from the rest of the lobe by an ineisiire It 


single trunk forks into superior and inferior se,gniental bronchi, the lower of 
''■Inch descends to the lingula, the “little tongue'' or lobule at the anterior in- 
fei'ior angle of the upiier lobe. Although Ewart aiiplicd the same terms to 
Biese bronchi as to those of the middle lobe, both Jackson and Huber (1943) and 
I’ock (1943) have pointed out that the distribution is superior and inferior and 
medial and lateral. I have A’cnturcd to add the ad.iectivc “lingular” in each 
(namely, superior lingular, a contraction of “superior segment of lingular 
I'lsion ) so that no two segments on the same side of the lung shall have the 
name. Removal of this double segment (or just its inferior portion) has 
ficome an aceepted procedure following the ])ionecr Avork of Churchill. 'The 
spelling reason for resecting it is the fact that in SO per cent of cases with 
wonchiectasis of the left lower lobe the lingula is also involved (Churchill and 
1939). 


^ superior lingular segmental bronchus, (the anterior-cardiac trunk 
p^^wart), divides into a posterior ramus, a, Plate 2, and an anterior ramus, I, 
f)io ’^^ii^iiiary-cardiac and stenio-cardiac diAusions of BAvart). This is 

mi’d segmental trunk of the upper lobe to send rami to the lateral surface 
Som' being the posterior, anterior, and superior lingular rone ii. 
^imes, as in Pig. 2, only the posterior ramus is present. 

The inferior lingular segmental bronchus, B^ (the posterior-cardiac trunk 
into tAAm parallel rami, a and h (the posterior an an eiior 
.suit! branches of EAvart). Curiously enough, the angle aviic i le.A 
be evn? ^ g^'eater than that in Plate 1. To Avliat extent th^ may 

bi'oii 1 bhe absence of ramus B^b or the fact that the anterior sCo 

aivhf ^ Branch of the upper rather than the loAver division necessai . 

LV ' specimens. , 

0/ the Left Lower Lobe.— The superior segmental bronchus, 
PoslelT f distribution of Ewart) emerges from the Postej ( 
«^^rface of the left bronchus just below the 
Bronchus (Pig. i). As on the right side, theie is _b - 

"'fdiauf" the inferior trunk of the left pulmonary arterj -) 

^A•lth the left vagus nerve and' oita (Plate 3). Like the coiiaspondin. 
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bronclms on tlie right, it subdivides into three trunks : a superior ramus, a (the 
ascending mid-dorsal oblique of Ewart or superior of Brock) , a lateral ramus, h 
(the deep posterior-horizontal trunk of Ewart or axillary ramus of Brock), and 
a posterior ramus, c (the descending mid-doreal oblique of Ewart or para- 
vertebral ramus of Brock). Ewart correctly describes rami a and c as lying 
more posteriorly than I, but is not justified in considering them branches of a 
common tninlc (the rudimentary superficial horizontal), since the mode of 
branching is not constant. (See discussion of right superior bronchus, JS®.) 

The inconstant subsuperior segmental bronchus (*, Plate 3) will be con- 
sidered with the posterior basal bronchus of which it is a branch. 

The remaining bronchi of the left lower lobe belong to the basal segments. 
These differ from the corresponding bronchi of the right lung in two respects : 
first, in there being three instead of four segmental bronchi and second, in their 
mode of branching. Brock (1943) obsexwed that in twenty-eight out of thirty 
specimens the branching on the left side was an apparent trifurcation, whereas 
on the right such an arrangement occurred in only five cases. 

The first basal branch is the anterior-medial basal segmental bronchus, 

(the anterior-basic distribution of Ewart). It supplies the district which cor- 
responds to the combmed medial and anterior segments of the right side. It 
divides into two principal branches, a medial basal ramus, 7, and an anterior 
basal ramus, 8 (the cardio-basic and mammary trunks of Ewart). In Pig. 1 the 
former has been somewhat shortened in order to show underlying branches. Its 
proper length is indicated in Plate 2, but while it has been numbered 7, for 
practical purposes (chiefly for the numbering of arteries) it is not given the 
name “medial basal segmental bronchus” ; for B' of the left side is not to be con- 
sidered the equivalent of B^ of the light side. The latter is an independent 
bronchus which arises early from the stem bronchus of the embryo and acquires 
in most mammals the status of a lobar bronchus. The corresponding region 
in the left lung is relatively undeveloped and has been taken over bj’’ a branch 
of the anterior basal. Ewart specified a particular branch (see B^b, Plate 2), 
calling it the left retro-cardiac distribution. The anterior basal ramus, 8, gives 
off a true lateral branch, B^a, Plates 2 and 3, which distributes to the costal sur- 
face above the base of the lung. 

The lateral basal segmental bronchus, (the axillary-basic distribution of 
Ewart) is larger and more posterior than on the right side and may be seen 
in a dissection of the posterior surface (Plate 3), whereas on the right side it 
could be glimpsed only from the anterior dissection (Plate 6). It divides mto a 
smaller lateral ramus, a (the retro-mammary axillary trunk of Ewart), and a 
larger basal ramus h, which continues the dii’ection of the common trunk (the 
continued axiUary-basic of Ewart). 

The last segmental bi’onchus on the left side is the posterior basal, B^‘' (the 
posterior-basic distribution of Ewart). The first branch to emerge from this 
trunk is the subsuperior (*, Pig. 1 and Plate 3), so named because it descends 
under cover of B®c. In this specimen it arises unusually low down and so has 
lost the status of a segmental bronchus. Apparently its distribution is more 
lateral than posteiior. On the right side the corresponding branch, B*, arises 
from the common stem of 5® and B^”. Two centimeters below the origin of the 
subsuperior, the posterior basal bronchus gives off a ramus, b, to the vertebral 
border of the lung (the inferior descending aortic of Ewart). The main stem, a, 
then continues to the base of the lung. There seems to be no lateral branch to 
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the costal region above tlie base, but as Brock lins pointed out such •'asiUiuy'’ 
branches arc inconstant. 

In concluding this brief description of the scginenlal bronclu and tiu-ir 
first subdivisions, it is only fair to point out tluit while there have ajipcartd 
numerous variations which either Averc not encountered by Ewart or wwo de- 
liberately omitted (perhaps in the belief that it were better to conccnlrate 0,1 
the detailed dcsci'iption of a given .specimen) ncvcrtliclc.ss, bis account u.is 'Jo 
precise that it is possible to recognize from l)is' description tlie pattern whioit 
various specimens bavc in common. 


Tin: AUTKiuiw or Tine lucnT uppeh loiu: 

As Herrnlieiscr has pointed out (3042), Die form of the nomud hilar shadow 
IS determined chiefly by llic vn.s‘cular system, bonce its impoidance to voonlu'. iiolO' 
gists. But the arteries are even more important, to the surgeon who must ligate 
them individually. Por tliis rca.son it is perhaps ncec.ssary to disagree with 
Herniheiser’s sfalcmonl tliat “llio development of the vcs.scls in the lungs, as 
elsewhere in tlie bod 3 ', shows eonsioncy m tlic e.s.scnlial points,” and that the 
extensive parallelism between I'iglit and left Inng.s makes it sufficient to ‘‘discuss 
0 % one lung, the right one.” In fact, the arteries arc more variable than tlie 
bronchi and the I’cins than Uic arteries. 

The problem of inconstanej’’ is encountered at once. The right upper lobe 
bas tlirec segmental arteries. TIvc first branch of the right pulmonary artery is 
usually tlie common stem. Avhich supplies apical and anterior segments, and 
A , Plate 4. The third artciy lies deep to those and usually is visible only in the 
j^nterlobar portion of the hiliun (yP, Plate 5). On the loft side, A‘ and A‘ less 
requently arise from a common stem (Pig. 2) and A‘ may even originate in the 
wterlobar fissure as a branch of the stem wliich supplies the segments of the 
■ngular division (Plate 2). Therefore, it seems inadvisable to accept the defini- 
iTO that the “superior tmnk constitutes the main avteiy’’ of the upper lobe 
IHerraheiser, 1942, p. 597) but to restrict the use of this term to the occasions 
™en all three arteries liave a common trunk. The term “timncus anterior 
suggested for the common arrangement shoAvn in Plate 4, in which A‘ and A 
®’^®rge as a common stem on the anterior aspect of tlie hilum.® 

The apical segmental artery, A', Plate 4 (the apical of Herrnheiser and 
'loat and ascending axilla ly-apical of Ewart), arises, usually, with A* from 
e tnmeus anterior which lies between the corresponding vein and bronchus. 
fhJ- specimen it distributes to tlie branches of the apical bronchus on y, 
to the first two tiers of bronelii, B’al + B’a2, and B‘h ; but if the posterior 
^ Rental artery, A^ is poorly developed then a third ramus (eitlier not presen 
representing an extension of one of these) may p 
teri V and subapieal region and supply several subdivisions 0 

bronchus, particularly 5^ (Ewart) . Herrnheiser and Kubat named 
yet i? specimens the mediastinal, costovertebra , ^nd costal la . 

^’stribution corresponds neither to the rami desciiie ^ two 

which have been lettered «, 5, and c in Plate 4.t This is due to tvj 

(oUojTef®xJ"''«^er's division of the rifrht pulmonary th™ commoh sje™ ^ 

Wetlow® 'anerierof "truncus.super.o_r- n°t/?^\erme^ius’- and the ^nyncus 

I'liv.-n w^e not trunks but .suooe. 
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factors: (1) tlic Icnclency for a ramus to extend beyond its corresponding 
In’onchus (for example, A^c supplies not only 7J'(i2 but BUiJh) ; and (2) the 
variation in the numl)er of bronchial rami, as wlien the tiers of bronchi in the 
apical-posterior region vary from two to four. (Sec, also, discussion of posterior 
segmental artery.) In view of the.se extensive variations it seems futile, at pres- 
ent, to attempt to name the rami of the I’ight apical ai'teiy. These facts also 
destroy the illusion that the apical and j)ostcrior .segments can be considered to 
be bronehovascular units. They arc bronchial di.siribution.s, only. 

The anterior segmental artery, A‘, Plate 4 (the pectoral of Ewart and of 
Herrnheiser and Kubat), is de.scribcd as having a variable origin, although the 
arrangement in Plate 4 is a common one. Frequently it arises separately from 
the right pulmonary artery, in the hilar portion of the secondary fissure. Apple- 
ton (1944) .stated that as a rule a smaller part of the segment is .supplied by an- 
other artery in the Assure. In Plate 4 it divides into two major branches — a 
lateral ramus, a (the mid-pectoral of Ewart or costo-pectoral of Herraheiser 
and Kubat), and an anterior ramus, h (the slerno-pecloral of Ewart and of 
Herrnheiser and Kubat). The latter branch extends to the inferior angle of 
the upper lobe. 

The postei'ior segmental artery, A^, Plate 5 (the inferior axillary of Ewart 
or axillary of Herrnheiser and Kubat), is variable not only in size and distribu- 
tion but in its origin. It may arise as a deep portion of the truncus anterior 
or from the interlobar portion of the right pulmonary artery (Plate 5). Kent 
and Blades (1942b), referring to this as an “accessory upper lobe artery,” 
.stated that it is the commonest anomaly on the right side, that it .sometimes 
occurs below the origin of the artery to the sujrerior segment of the lower lobe, 
and that ligation of it, when the lower lobe is being removed, is of no consequence. 
However, if it were an arter^^ the size of A^ (Plate 5) ligation of it would eliminate 
at lea.st two-fifths of the arterial distribution to the upper lobe, for here it 
accompanies the third and foui'th tiers of bronchi in this part of the lung, 
namely, all the branches of Appleton stated that “as a rule” about one-half 
of the posterior segment is supplied by this “ posterior’ ascending artery” and 
that sometimes it may form a common .stem with the .superior’ segmental artery, 
A'’. In the .specimen figured here it divides into a posterior ramus (a) and a 
lateral ramus (h, Plate 5). 

THE ARTERIES OF THE JUDDEE LOBE 

Since lateral and medial segments are recognized in the middle lobe, cor- 
responding segmental arteries should be expected. These ai'ise from the inter- 
lobar portion of the right pulmonary artery, either from a common trunk, the 
artery of the middle lobe (the cardiac of Ewai1), or separately, A^ and A’, 
Plate 5. Appleton wrote that the latter is “generally” the arrangement, but 
according to Kent and Blades the latter type of origin occurs in only 25 per cent 
of cases.* Herrnheiser and Kubat said that the artery of the middle lobe divides 
as frequently into three as into two major rami. This is probably due to the 
tendency of ramus (Plate 6) to occupy an intermediate position between 
medial and lateral sides of the lobe. 

The medial segmental artery, A* (the para-mediastinal ramus of Herrnhei.ser 
and Kubat), .supplies the cardiac .surface of the middle lobe, its medial angle 
(Plates 5 and 6), and the medial interlobar surfaces. It divides into anterior 

•Tht'v author.-! <19t2b) roforrod to the lower artery, A*, as an "acce.s.sory" middle lobe 
arterv, but it should not be con-iidercd an ''extra" one. 
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ami posterior rami (h, Plato G). It also sends oft’ a ramus .r (the 
;alof Iferrnheiscr and Kuhat) wldeh aceoinpanies ramus /id). T >«' at.u.i 

. - - /• T T lAT^iKal 


segmental artery, -'P (Ilie costal ramn.s ^ 

defective in this specimen, its brancli A^h being: replaced by A x. 


(n) 

costal Oi iJVri <11111 . 111 .'..!/ . , • 1 

,is of Ilorvnbei.scr and Kubatl. m tlu'-uun 

P.r. Its v.iiiMv- ' 

ctive m tins specimen, ns miuivn -•* - ./<.■•!, . t , j 

(the axillaiy costal of ITerrnbeiscr and Kubat) supplies the lateral anm<‘ ei>. 

one-third of the middle lobe. 

THU vr.iNS or Tnr, t;m:u asd Minoi.n i.onrs 
The veins of the upper and middle lobes are the trilmtari. s of (he .mh( 
superior pulmonary vein. In reading the accounts of \aiious lUit uus il 
parent that there is as imieli variation in Ibeir arrangement .is m to( 
that have been applied to them. In order to kec]) the letiuinoiogi umsi t( u 
.simple it ha.s been necessary to coin new terms. 

The first and most siiperfieial tributary is named the apieid-aali i a i 
of the upper lobe, 1*', Plate T; (Ibis is the .snb])leuvo-mediastmal vem o ( n n- 
heiser and Kubal). As the name .suggests, il receives two main tii ' 

apical, fi, and one anterior, h, wbieb drain the eovvespouding segments. 

aretheapieo-media.stinal and .stcrnO'inediastmal rami of Ilennhcisei am 

^^itllthe exception of one lateral branch, I 'b3. which lums betvttn apiea 

anterior .segments, tlie conr.se of the vein is largely snbplenral. 

The next to be encountered in an anterior approach is the infeiioi ab 

fte upper lobe, P-, Plates d and 5 (the pectoral of Herrnheiser and Jj 

■V lobe, the margni bordeimg tne 


courses along the inferior margin of the upper — -c, 

secondaiy or horizontal fi.ssuro. It may run along either tlie _ 

5ohar surface (Plate 5) . Il drains the inferior portion of the antenoi « ■ 

The third, the largest and most deeply placed branch of the ^ ^ 

the posterior vein of the upper lobe Plates 4 and 5 (the 
axillary A-eins of Herrnheiser and ICubat). According to M\ax , 
and ICubat, Jlclnikoff, and in one of our specimens, this A^ein 
dipper lobe beriveen and 5^ but in the specimen shown m 
'em hes posterior to all arteries and bronchi. It receives uee +gj.j.itory of the 
aries. Ramus a drains the posteidor region of the apex an Pamxis h (the 

third and fourth tiers of bronchi (that is, the branches o )• 
apico-eentral vein of Herrnheiser and Kubat) is centra 3 ^ axillary 

atveen the apical and posterior bronchial distributions. Txosterior and 

of Herrnheiser and Knbat) emerges from between the postei 
aaterior bronchial distributions, and B‘, Plate 5). i-ein 

. '*'he two veins of the middle lobe empty into the rj<j.^gy emerge 

;'ther as one trunk or more commonly as two trunks (Plate ^ 

''ally betiveen the anteriorly placed arteries an i , . ^eiii of the 
'oachi. However, in the specimen shown m \ gasses the medial 

lobe, T4 of Herrnheiser and f vein of the 

''"to'’iorly. In this position it lies deep o i of.ejdentailT ligated 
' PP«- lobe, I«, Plate 4, a position which might cause it to be aoeident< ^ 

of the upper lobe. • ^ara.mediastinai of 

The medial vein of the middle lobe, Plate 5 j^gdial to 'the cor- 

m-„beiser and Kubat, is normal in position. only the territory 

ponding arteries and braneli in such a ryay as to la ..^iiacent bronchi 
le con-esponding bronchi hut also contiguous ® ' ‘^1 anomalous i 

’ «Me 5 and F<„, Plate 6). special WOTSt is-the sm.all »>» 
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ginal vein indicated by an asterisk in Plate 5. This is the interlobar (accessory) 
ramus of Herrnbeiser. It empties into the posterior vein of the upper lobe (see 
orifice on F'') and its occurrence is rendered possible by the incomplete separa- 
tion of the upper and middle lobes.* Kent and Blades also mentioned rare in- 
stances in which a vein of the middle lobe drains directly into the left atrium 
to form a thii’d pulmonary vein. 

On the interlobar surface no venous. connections were found between middle 
and lower lobes, although Kent and Blades (1942a) found the fissure incomplete 
in 12.5 per cent of their specimen. 



Figs. 3 and 4. — Sketches of the hilar portions of tlie secondarj- (horizontal) and inter- 
lobar (oblique) Assures before dissection (see Plates 5 and C). In the secondary 
Assure (Fig. 3) all the branches of the right superior pulmonary vein are shown but 
yi (the apical-anterior vein) : W and Y’ are inferior and posterior veins of the upper lobe, 
Y< and Y=, lateral and medial veins of the middle lobe. Four segmental arteries are visible, 
the posterior (A®) of the upper lobe, the lateral (A*) and medial (A®) of the middle lobe, 
and the Arst ramus of the superior artery (A'a) of the lower lobe. In the- interlobar Assure 
(Fig. 4) elevation of the middle lobe has exposed the middle lobar bronchus and its two 
segments (B* and B=), and two of the basal segmental bronchi (the medial basal. and 
anterior basal, (B®) together with the artery to the Arst (A’). The other bronchi of the lower 
lobe (B«, B®, B“) arise within the substance of the lung, although B’ is just visible In the 

hilum. 


THE ARTERIES OP THE RIGHT LOUTJR LOBE 

The first of the arteries of the right lower lobe are the superior segmental 
arteries, A^a and A'^b, Plates 6 and 7. Ordinarily they arise as a single trunk 
(the apico-horizontal artery of Herrnheiser and Kubat) from the postero- 
lateral aspect of the interlobar portion of the right puhnonaiy artery (Pigs- 
3 and 4) , at or slightly below the origin of the arteries to the middle lobe. This 
would be about the position of A‘’a in Plate 6. (Incidentally, A® may arise with 
A‘ from a common trunk.) In this specimen, however, A® is represented by 
two widely separated branches, a superior ramus, A®a, arising in the inter- 

*Kent and Blades (1942a). in dissecting 227 lungs immediately post mortem, observed 
that the secondary or transverse Assure of the lung was absent in 21 per cent (20 per cent, 
Hovelacque. and associates 1937 : 10 per cent of 100 specimens. Brock, 1943) and incomplete 
in another 67 per cent of specimens (51 per cent, Hovelacque and associates; 53 Pe*" 
Brock). Accordingly, in three- to four-Afths of the lungs there is opportunity for interlobar 
.,veii«! to develop. 
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lobar feiire and flic coini.incnl lateral and poslei-ior rami, A^h and r. an.nn. 
rom the pulmonary artery in the substanee of the lun- well beiuu th. hiu v- 

rtfi d I ‘>"^1 Jviihat sliowed a similar sulidiMM^n 

on die left sale (their Fi^ 3;,). 5, s.paooam 

me aitenes would somewhat hinder removal of the scfrment. Botli }),< m,,, , 
an m\cr ariones, and A'h ((ho a])ieal and liorizontal rami of Ilcrrnh'-is, i 
11 replicas of (ho eorresijondimr i-ami of the single sujiei /m 

w?'? a special importance is ramus .Fr, Plate 7 (.h. 

trt nrtery of Fwart or the sui)eri(ir ref ro-broncbinl 

I **liciser and Kuh;i(). 3'his sometimes extends dii\\n\\;u'd in ;i 
p.ram'febra] dii’cetio?? as far as (he lowej- third of the hmer lol„ in,i so ^^onld 
0 e ligated in removing the basal sogniojils. 

other artery of the. lower lohe which lakes oi-igin in (In inteilohai- 
medial basal .segmental ai-lery (the antoioi' Isis il of 
I Kubat).*’ It divides into anterior and ])o.s(erior lami, J a and 

ollow the Corresponding broneliial distributions (Plates 6 a)id Ti. 
^jiMCs it arises with A'*, from a eommou trunk (Ewart). 

Kona 1 basal arteries arise from the inferior portion of the puP 

^estd 'ritliin (he substance of the lung. The anterior ba.sal seg- 

wel! r (Ide anterior axillary basal of Ilerndieiser and Kubat), is 

nf its H I'lnle G. Its tripod apt)caranee is due to the early subdivision 

axillai 1 <r. The lateral ba.sal segmental artery, (the posterior 

rami) ^ Horrnheiser and Jvubat). is shoivn dividing into its lateral 

I'amns, b, in Plate 6. It is too deeply situated to be visible 
° beginning of the posterior basal segmental artery is barely 


m Plate G. Frequently it has a connnon oi’igiu with A^. Before it 
s into its 


iJivid 


off a f T ^ P^dncipal lateral, a, and basal rami, h and c, Plate 7 , it gives 
^ave ®“^r.superior stem, A*% with lateral and ])osterior branches which 

^eprese relative position as the higher A^b. The lateral branch, A^'a 

Posteri^’t axillo-horizontal of ITerrnheiser and Kubat (the lesser 

ieriorr f Ewart). The posterior branch, A'b, represents the in- 

ai'e as artery of Hermhei.ser and Knbat. Both of these branches 

^^rariable in presence and origin as the subsnperior bronchus. 

SEem the arteries of the inferior lobe it may be stated that they 

apper a ,1 corresponding bronchi much more closely than those of the 

fixed ^ aiiddle lobe, as if the pattern in the lower lohe had become relative^’' 


The 


the atsins of the right lovteb lobe 


PPlitiona the right lower lobe are all tributaries of the right inferio]’ 

PosteriorT latter enters the right atrium not only inferior but 

infej.- ° superior pulmonary vein (Plate 4). It is somewhat hidden by 
nioiiary upward extension of the anterior laj'er of the pub 

firapehes usually operated upon from above, this vein and its 

^ ^late 7^^ ‘^^spla3'^ed from the posterior surface. In the specimen shown 

the b ' ^ somewhat atj^pical appearance, as of a bent tree, with most 

Teaching outward from its convex side. In the majority of 
lowever, it resembles a low shrub with branches radiating from the 
~~ ~ ^iso variable in its distribution. 

Harrnlieisor and Kubat have erred in considering this me anterior basic 

'0 We basal seem that these authors have this is due 

fact th« tL for nearly all their sjmonynns are incorrect. Perhaps this is due 

® oronchi were omitted from their studies. 
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The first branch, the superior vein of the lower lobe, Y® (the apico-horizontal 
of Hermheiser and Kubat), consists of two rami, V’a and V^b, which in the 
specimen sho\\m in Plate 7 enter the main stem separately. Usually they unite 
before crossing the stem bronchus posteriorlj'. The branches of Y^o. occupy 
the zone superior to and between the two rami of the superior segmental 
bronchus (Plates 6 and 7) ; those of V^h occupy tlie zone inferior to B\ between 
it and (Plate 7) and between B® and B* ® (Plate 6). Its position illus- 
trates well the intersegmental nature of the venous drainage. Doubtless if the 
superior segment were separated surgically, ramus V‘’h could be removed with 
the superior segment or be left attached to the basal segments. 

The medial basal vein, Y' (the retro-cardiac of Ewart or anterior basal of 
Hei-rnheiser and Kubat), arises anteriorly from the inferior margin of the in- 
ferior pulmonary vein (Plates G and 7). In general it courses medial to the 
bronchus of the same name and drains the I'egion anterior to and between the 
rami of B’’ (Plate 6). 

The anterior basal vein, Y® (the antex-ior-basie of Ewart or antei’ior axiUo- 
basal of Hermheiser and Kubat), is a centrally placed vein the maiix trunk of 
which courses deep and inferior to B® (Plate 6) and anterior to B® (Plate 7). 
Its three principal tributaries occupy the zones between B* and B® (Y®fl and b, 
Plate 6), the zone between the branches of B® (Y®?)) and the zone between B' 
and B® (Y*c). 

The lateral basal vein, Y® (the posterior axillo-basal of Hermheiser and 
Kubat), is to be seen only in Plate 7. Its peripheral rami occupy the zone 
between the branches of B® and B‘° and between these bronchi and the lateral 
segmental bronchus, B®, which lies hidden beneath the structures shown in 
Plate 7. In some speeimeixs it passes anterior instead of posterior to the basal 
division of the right bronchus, as it enters the inferior pulmonary vein. 

The posterior basal vein, Y'® (the posterior-basic of Ewart, or posterior , 
basal of Hex’rnheiser and Kubat), is the terminal bx’anch. It begins (x’ami a 
and b ) between the lateral basal and posterior basal bronchi, then sudng’s inferior 
axid posterior to B‘° to enter the inferior pxxlmonary vein. It collects tributaries 
from the zone between B^ and B'® (I’amxxs Y^®c) and from the medial posterior 
basal region, Y^®d. 

THE ARTERIES OF THE LEFT UPPER LOBE 

In contrast to the right side (where the order of structxxres in both antero- 
postex'ior and infex’osupex-ior directions is vein, ax-texy, and bronchus) the order 
on the left side is vein, bronchus, and artery. As a consequence the five seg- 
mental arteries to the xipper lobe are scattered along the arched superior and 
postex-ior (intex-lobar) surface of the pxxlmoixaxy artery. Therefore, as Kent 
and Blades (1942a) have pointed out, the ari'angement does not lend itself to 
mass ligation of the root of the xxpper lobe, since such a technique may jeopard- 
ize the blood supply of the lower lobe. Blades succeeded in doing it, however, 
by cleaniixg the upper lobe bronchus (after ligating the arteries) and then 
dividing it at about the point where the lingular division begins (pei’sonal 
communication) . 

The arteries to the upper lobe were said by ilelnikoff to vary from three 
to six (oftener fi’om three to four). Kent aixd Blades said from four to 
seven Ewaxl: and Felix each mentioned foux’. In the specimen which is shown 
in Plates 1 and 2 there are only thi’ee trunks (if the arteries of the antei’ior 
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segment ami linirulav ilivision lie coimU'd as niu') ; .also in tiio siK-ciun'd ^hou ii 
in Fig. 2, llipi-o arc only tliroo (llio lingular trunk being counted .'i' i'do. A 
partial explanation for the larger innnbei's tpiotcd is that the .segment. i! li''!nks 
are so short tiiat frequently their rami arise .separately from the tiul(ii >nar\ 
.arfciA’. 


The hwiicli of the loft jtulnionary artery is <nn apicopostorior liii.ik 
(the apietil of Ilcrrnheiscr and Kubat, or ascendens of ^lelnikofi’). It ^ m) 
theeonvex superior surface of the i>ulmonury artery and, according to lilclniKoH. 
is most comnionly a ,se.s.si]o Inink which dividc.s immediately into apical. .1 
and posterior, .-1', .segmental arteries (the media.slinal tind costovertebral arteries 
of llelnikoff ) . Such is approximately the pattern shown in Plate 1. ITeri'n- 
heiser .aiid Kubat gave a very different dcserijUion. They dcscrihcil tins sc-ssik 
trunk as luvaking vrp into throe rami (costovertebral, incdiasfinai, and C'/stal) 
■incl such is the condition .showji in Fig. 2, nanicl.v, rami A''' k;, A'* and 
ifinuis .4^ + (Kainus c i.s vi.sible only from the ititerlobar side.) The Uvo 
t.'pcse.nu be reconeilcd when it is nndorstood that artery A‘ * (Fig. 2) ha.s an 
ontciior and posterior ramus. .Should the former unite with A' and the latte)' 
'dth instead of with each other, the ])altcrn would resemble that of the 
specimen shown in Plates 1 and 2. 


The apical segmental artery, .4', Plate 1 (the anterior ascending apical to 
wart), arises on the antcrosnperior surface of the pulmonary artery. It 
i'ide.s into an apical ramus, a, and an anterior ramus, h. These branehes seem 
0 coirospond to the mediastinal and superior obliqne rami of Hlelnilcoff. The 
latter is considered by Herrnheiser and Kubat to be a misplaced branch of A‘ 
^'hich tliey named the a.scending costo-pcctoral), but this seems improbable since 
!® '^^Tery has the same position in Fig. 2 {A'^^h), even although A^ has a 
werent origin than in Plate 3. 

The anterior segmental artery, A‘, Plate 1 (the pectoral of Ewart), arises 
111 this specimen in the interlobar fissure as a branch of the lingular trunk 
2). Appleton said that an interlobar origin is common and pointed 
this artery then begins below the first artery of the inferior lobe, A% 
2. It dmdes into an anterior ramtrs, h, Plate 1 (the sterno-pectoral of 
weiTnheiser and Kubat, the transverse mediastinal of Melnikoff), and a lateral 
'''’Ills, a, Plate 2 (the axillary of Herrnheiser and Kubat, the transverse inter- 
of Melnikoff). In Pig! 2, a very different origin of 'A^ maj' be noted 
it is a braneb of the tnweus anterior of the left pulmonary artery, and 
consists only of ramus 6; that is, ramus o and the corresponding bronchus, 

^ are absent. 


The posterior segmental artery, Plate 2 (tlie posterior ascending apjcal 
... , or costovertebral of Melnikoff), accompanies the branches o i 
5 ^termr segmental bronchus which are outlined in Fig. 1. As seen in Plate 2, 
in the interlobar fissure from the superior-posterior ® , 

P^inionary artery. It divides into a posterior ramus, a, and a 
d'uui.s h. 


a. 


,J°’''®"’inatless variable than the arteries which have been descrihea are the 
su^U accompany the lingular division of the upper lobe hronch^ 

min ■ ®«^ental arteries arise from a common trunk (Plate ), 

lingulae (of Baekman or the cardiac of Ewart), hut 
o. 10 of Kent and Blades, 1942a) they arise separately from the pi 
Again they may originate witli the anterior segmental artery, A , 
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a truncus communis (Plate 2). Such an arrangement would complicate re- 
moval of the lingula. Also, Kent and Blades have pointed out that the lingular 
trunk may arise below the level of the first artery to the lower lobe, A®. 

The superior lingular segmental artery (of Felix; the costal ramus of 
Hermheiser and Kubat) usually divides into anterior. A*!), and posterior, A^a 
rami. It is thus truly superior, but in Fig. 2 only the posterior ramus and 
bronchus are present, hence the name “dorsolateral” sometimes applied to this 
segment by recent authors. 

The inferior Imgular segmental artery. A®, Plates 1 and 2 (the para- 
mediastinal ramus of HeiTuheiser and Kubat), is of special interest since the 
segment it supplies is frequently removed separately (Churchill, 1940). In 
Pig. 2, it is better developed than in Plate 1. It divides into two major 
branches. 

THE ATilNS OF THE LEFT UPPER LOBE 

As on the right side, the veins of the upper lobe are all branches of the 
superior pulmonary vein except for an occasional anomalous vessel (Pig. 2). 
They differ from the veins of the right lobe in that all of them empty into the 
superior pulmonai’j’^ vein supei’ficially. Therefore, the eentral and posterior 
portions of the lobe are not drained by a posterior vein but by deep branches of 
three anterior trunfe. Ewart explained this on the ground that there is no 
inteiwening pulmonaiy arterj’’ between veins and bronchi, hence the veins can 
pass directly to their distribution. The three trunlvs are named after the 
corresponding bronchi, nameljq the apical-posterior, anterior, and lingular. 
Corresponding numbers have been assigned to them, also, to avoid confusion. 
Ewart described two modes of branchuig, a loss conmion tjqoe (Pig. 2) in which 
the last two trunks unite before entering the pulmonary vein, and the more 
common tjT3e (Plate 1) in which tlie first two are confluent. Hermheiser and 
Kubat were of the opinion that the latter is the less common type. 

The highest branch is the apical-po.sterior, Plate 1 (the apical of 

Ewart and Hermheiser and Kubat). As the name signifies, it divides into 
anterior rami, V^a and b and posterior rami, Y^a and h. The former (the 
mediastinal branches of IMelnikoff) drain the anterior subpleural surface, the 
region between the brandies of B‘ and the region between and 5® (Plate 1) ; 
the latter branches (the costovertebrals of Melnikoff) drain the interlobar sur- 
face and the regions between the branches of the posterior bronchus (Plate 2), 
then course between the apical and posterior bronchi, next between the apical- 
posterior and anterior bronchi (Plates 1 and 2) to reach the anteriorly placed 
main trunk. 

The middle trunk is the anterior A'ein, V°, Plate 1, (the pectoral of EAvart). 
Like the apical-posterior, it dmdes into anterior and posterior branches. The 
latter, V~c, may be seen in Plate 2, occupying the zone between the anterior 
and the superior lingular segments. 

The loAvest of the three A^enous trunks is the lingular, + Plate 1. H 
dmdes into superior lingular, Y®, and inferior lingular, Y®, veins (the superior 
and inferior cardiac A'eins of Ewart). The former carries a posterior branch, 
Y®a, Plates 1 and 2 (the costal of Hermheiser and Kubat), Avhich occupies the 
zone betAveen superior and inferior lingular bronchi. In Pig. 2, Y® is a branch 
of the inferior pulmonary vein. 

In contrast to the right side, therefore, the left upper lobe presents three 
trunks instead of the five (or four) to be found in the right upper and middle 
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lobes, This inav be oxpl»i»c<^ coiiHiioicc of anterior and posterior vamp 

n-hicL is pos-sible in a thinner lobe, and to the lesser dovclopnient uf tlio sc -ments 
of the lingular division as eoiniiarod to those of the middle lobe. 

Tan AUTonins or tui; i-nrT iNrnnion i-om: 

The highest artery of the lower lobe is to bo found in the interloliav <^r 
oblique fissure (Plate 2), an incisure which is iiicomplcte in upprommuu- > 
percent of specimens (Kent and Blades, 19'12a). Tliis is the ^ t ‘ 

segmental artery, Plate 2. In this specimen it is anonmiously dou ' e 

Its rami, a and h, leave the pulmonary artery at .some distain-e hom <.i' i <’ 

The origin of the upper ramus is higher than the origin of the liiumai aitm 
a circumstance which -would complicate rc.scction of tlio louei ."in ^ 
this specimen, the anterior segmental artery, A', arises anoma oi s \ t 
lingular arfeiy from a truncim communis, Tlie brandies of A im ‘ 
fully the corresponding bronchi. Brandies a and h l<bc supeiioi am - 
rami) are best displayed in Plate 2. Pamus c (drawn a little sm.i . ’ ‘ • 
seen in Plate 3. As pointed out in the discussion of tlic bronchi, the pos ci o 

ramus, c (the superior rctro-bronchial of atfelnikoff) , maj o\ci ap le a 

segments in suppljriiig the middle third of the vertebral portion o ic 
lobe. 

The basal segmental arteries follow their respective bronchi. ^ 
basal, A’’ (the anterior ba.sal of Herrnheiscr and iCubai), crosses TTgy„|iy 
tt the specimen shown in Plate 2, to reach the posterolateral side of • 

Is passes superficial to B* to reach the anterolateral si c o i 

bronelurs. „ 

The anterior basal segmental artery, A® (the anterior axillo 
beiser and Kubat), pursues the usual course to reach the anterola 

The remaining basal arteries are best seen in Plate 3. These are t ' 
«3sal r ‘ 




posterior basal, A- (the posterior-basie oi branching 

/• The latter is anomalous in origin and position. . the 

oiver down with A®, it is the first of tlie basal brandies y,hicb 

pulmonary just inferior to the superior bronchus, the 

®^ght complicate resection of the superior segment. _ Prrrthe , 
posteromedial instead of the posterolateral side of its bronc r 

THE -VEINS OF THE LEFT INFERIOR LOBE ^ ferior 

The five principal veins of the inferior lobe are all 
Wmonary vein. The mode of branching can be seen in Kate ^ 

j superior vein, (the apico-horizontalis of ^ the inferior 

^oends almost vertically to empty into the supei’ior or .gtrobronchial. 

itionary vein. Its two tributaries, a and b, P ate , upper 

a (the apical of Hermheiser horizontal of 

Hern!f^^ superior segment; the lateral ^en a descending 

u ^oiser and Kubat), the lower tliird. In ano re bronchus and the 

tS? ti; zone between the 

~ — perhaps taking over the territory drained by ^ tut this 

’d “ntroelulSd!*' »na Kubat gave as a synor^ me “j^fjar^canfusloS^ aUends the naming o 
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111 accordance with tlie union of medial basal and anterior basal segments 
on the left side, the corresponding veins arise close together (Plate 2), instead 
of being widely separated (Plate 6). The medial-basal vein, Y' (the anterior 
basal of Hermheiser and Kubat), traverses the plane between the medial and 
lateral basal segments (Plates 2 and 3). The anterior basal, Y‘ (the anterior 
axillo-basal of Hermheiser and Kubat) traverses the plane between the anterior 
basal, B*, and lateral basal, B’, bronchi. In Plate 2, there is a medial marginal 
vein which has been interpreted as a branch of I^^ and labeled as ramus c. 

The remaining two veins, P® and P'", have a common stem (Plate 2). 
These are the lateral basal, (the posterior axillo-basal of Hermheiser and 
Kubat), and the posterior basal, I''". The fomer traverses the plane between 
lateral and posterior basal segments (Plate 3), the latter the plane between 
medial and posterior basal zones. 

TOPOGRAPHICAL REL.VTIOXS AT THE HILU5I 

Anterior Surfaces . — On botii roots of the lung the phrenic nerve (and asso- 
ciated pericardiophrenic arteries) must be avoided in ligating the superior pul- 
monary veins (Plates 1 and 4) . This neiwe lies just anterior to the root of the 
lung and deep to the mediastinal pleura between that layer and the pericardium. 
Churchill and Belsey (1939) especially cautioned avoidance of it in adhesions 
to the pericardium. (In Plates 1 and 4 no attempt has been made to show the 
mediastinal pleura. The phrenic nerves mark the position -where it is reflected, 
from, the pulmonaiy ligament and root of the lung, onto the mediastinum.) 

Infenorly, in following the pulmonary ligament up to tlie inferior pul- 
monary vein, and ligating the latter, the esophagus and its adnexa should be 
avoided. It will be recalled that the pulmonary ligament is reflected onto the 
mediastinum at the level of the esophagus and that it is usually attached to the 
esophageal fascia. In this tissue (Plate 3) may be found esophageal arteries 
(branches of the aorta or of the bronchial arteries) and tlie vagus nerves. In 
one case an anomalous bundle of longitudinal muscle was foimd running upward 
from the outer coat of the esophagus to the left stem bronchus (dagger, Plate 3). 
In Plate 7, a large right In'onchial artery may be seen passing along the upper 
surface of the esophagus, just above the right inferior pulmonary vein. Its 
origin and proximal relations may be followed in Pig. 1. (In this specimen the 
entire system of bronchial arteries for both sides of the lung originated from a 
single vessel coming from the inferior surface of the aortic arch.) Kent and 
Blades (1942a) spoke of the bronchial arteries as being variable, too small to 
ligate, and of no surgical importance. However, their relations to the esophagus 
and its blood supply might warrant further investigation. 

Superiorly, on the left side (Plate 1), the vtpper lobe is in contact with the 
left superior intercostal vein, the one which sometimes participates in the foi'ma- 
tion of a left superior vena cava (left common cardinal vein). There is also a 
relation to the left recurrent laryngeal nerve (Plate 3). Amputation of the 
left bronchus, -^mth consequent traction on the pulmonarj'^ nerve plexus or liga- 
tion of the left pulmonary artery (Plate 1), might traumatize the recurrent 
nerves. 

On the right side, the superior vena cava and azygos vein, the right vagus 
and phrenic nerves are to be avoided (Plates 4 and 7). According to Bi’ock 
(1940), the right pulmonaiy arterj’^ is covered by a peculiar triangular fascia 
the apex of which connects it with the superior vena cava (see Plate 4). 1^^ 
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wn-nr-N: ixtraiui-aij axu laxyrro axatomv ov i ( s^- 

llK. .,,,1 .0 it Sum ll.« vo..n .•»>» .1- 1.-- 

“p;:*. t» the ,.uimo,„u.y lymph p.k1« ™ 

m-AK helwecn the, vm.-ul,.,' .-.mi 1 .mrho»h™.ehp.l 

the hn;Pe '''Xp' o;;!? ^ 

broiiclius !is inentioiiod oiivlior in tlu* tixl. ^ • e...n/.<l si'cmi'b-i ' 

to the four lnr,u bronchial .livisions on c«<-h suic AvinoU o 

kouclii, namely, two upimr divi.s-ions * s-onments <n 

sioas (midaio lobar niul linjinliir). two doi.vil ■ ' jj j • 

the lower lobe), and two lower divisiniis (Ioavov Uibo bvoiwl • 

fieatiou of some twenty nodes was doubtless ^ ‘ omi>basii.in? 

account of pulmonary nodes in lltiuviere be ]>eifoiniCf 

tlieso topographical volalions. 

ntsctTssKix 

Nelson's conception of the lung as consisting of four 
sms on each side wbicli may or may not be sctmratei jg ours) 

upper, middle [sou lingular], posterior, and basic— m QP^ivchill and 

is an ^resting conception and has much to 1^, (loubllcss true, 

Belsey's contention that tliose are bronebovascu ^ ^ several vas- 

although sueli “lobes” are frcfiucutly supplied not ^ of ’ magnitude, I 

eular trunks. However, in any formal classifica mn o accepted 

agree with Huber tiiat it is more logical to eoiisicci Davenport’s 

lobes of the right and left lung as the largest the broncho- 

apper and lower divisions of the loft upper lobe ns - tlowu to the 

pulmoiiarj- segments (“distributions” of Ewart) next, and 
smallest units, which would bo jMiiler's lung lobule. claimed most at- 

Of these categories, the broncliopulmoiiary segn ‘ seat of 

tentm in recent years, originally because it because of the 

hmg abscess (Ewart, Kramer and Glass) and n ^ practical Avay 

success in resecting segments in broncliiectasis. ec arisen to 

some segments have proved to be “surgical units, a 

conceive of them morphologically as ® " of avascular tissue, 

men defined as subdh'isions that are “surroun c Y'l is” (Adams and Haven- 

uncrossed by bronchi or blood vessels beyond t le u r questionable. 

Poit, 1942). lu the light of the present anatomic s u ^ ^ bronchus cross the 

mtainly in many specimens the arteries of the ng i jiiiddle lobe 

plane separating the apical from the posterior j^^eral 

the medial segmental artery may cross the plane {’^gjns lie in the inter- 
segments. Furthermore, throughout the lung' the penp Consequently, 

segmental planes and drain the blood from ad 3 acen » opened Avitb a view 

Appleton has pointed out, “if an intersegmental p necessity be 

to partial lobectomy, the tributaries of a ' .fonc that the lironcho- 

divided •’ ’ --"■o-P'sted. theretoxc, i .... i„.^„/>hns 


Pulmon 


Furthermore, throughout the lung t ® P® segments, 
planes and drain the blood from plane is opei 

Electing vein ],roncho- 

on one side or another.” It is .sugsested, t j ^ bronelnis 

naiy segment lie defined as the zone of “stvm ^^jacent segments and 

" lieli may or may not be entered bj' arteries . ^.j^ental planes. 

A' ncli is drained peripherally bj' vein.s occnp.l mr- 

coNcnusioxs the origin 

Seven plates and supplementary figures are P lUnod vessels, and then 
^'K distribution of the segmental bronchi and associa e . • jtv of the Itilum. 
^''lation to each other and to adjacent structures m the 
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These dissections have confirmed the conclusions of Jackson and Huber 
(194:3) that there are ten principal bronchopulmonary segments in tlie right 
lung. These are the nine “distributions" described by Ewart in 1889, -with 
an additional one obtained by counting the two rami of the middle lobe bronchus 
as one. On the left side eight are recognized. 

Jackson and Huber’s nomenclature has been retained since these terns 
are believed to be the simplest and most consistent. They are as follows: 
superior lobe (apical, anterior, and posterior segments), middle lobe (lateral 
and medial segments), inferior lobe (superior, medial basal, anterior basal, 
lateral basal, and posterior basal segments). 

The left lung is considered to be made up of eight segments: segments 
of the upper division of the upper lobe (apical-posterior and anterior), seg- 
ments of the lower or lingular di%'ision (superior and inferior), segments of 
the inferior lobe (superior, anteromedial basal, lateral basal, and posterior basal). 

Ten principal arteries have been identified on each side. They have been 
given the names of the bronchial segments of the right side. 

Ten principal veins have also been identified in each lung. These have been 
given the names of the bronchi which lie superior and adjacent to their proximal 
stems, except the first two veins of the right superior lobe. These have been 
named apical-anterior and inferior. 

In general, the arteries follow the peripheral distribution of the bronchi 
while the veins, after leaving the root of the lung, assume an intersegmental 
position. 

The veins are more variable than the arteries and the arteries more 
variable than the bronchi. The more common variations have been listed. 

From the standpoint of the relation of segmental arteries to bronchi, the 
least stable segments of the lung seem to be the apical and posterior of the 
right upper lobe and those of the middle lobe. In the former the extent of 
the bronchial ramifications is variable and there is a strong tendency for the 
right apical artery to accompany portions of the posterior bronchus. Similarly, 
in the middle lobe, there is a tendency for the medial arteiy to supply the 
lateral bronchus. 

Finally, not\vithstanding the ease with which some segments can be resected 
surgically, the bronchopulmonary segment should 'not -be considered to be a 
morphologic bronchovaseular unit. It is metely a bronchial distribution with 
intersegmental planes that may be crossed by arteries from adjacent segments 
and that contain veins which drain all contiguous segments. 
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ADDENDUM 

contait?' to press flic July issue of the English Journal of Anatomy, 

lebgj -Appleton’s comparative study of the arteries and veins of the right uppe 

account ! I ®Pao™ens reached the University Library. Since it is the most detailed statistical 
recorded heV° observations especially pertinent to this article have e 

^Wch^sJ^^' outstanding contribution is the author's analysis of the oxtot to 

Thu? '^PP- lobe are supplied by arteries from ad.acen sclents. 

Current”}, specimens the posterior segment was supplied , j 2 

apical segmentaf artery; in another 8 per cent it was -PPl-^f ”^ 
cent by bra ^i. of the anterior (“pectoral”) segmental artery; an m an 

i artery Similarly, the apical segment J 

ruent by bri. t segmental artery (14 per cent) and the anterior ( p 

ne es of either the apical or middle lobe artery (8 per cen ). nfprior 

®«gnieiit attention should be called is the extei^ x,°g^nteriob 3 r portion 

right nf Hie “lower division” of 

artery)/ (Appleton’s “ascending” branches rf the 

(und in 6 tip P®^ of specimens the anterior segm ^ 

in 32 Jer /em "T’ ®"PP^i®d) from this source. Less «a-P™“S jasJhe^t^^ 

Partly suDnii ®P®o™ens the posterior segment was wholly supp m (< 

AVitl ^ ^ arteries arising from the interlobar part of the ar erj. 

"“‘^Centa?? ^PPlaton’s plan of naming deep for the 

proximal t occupy is excellent. Less e ici o ngre.ut 

example, designating posterior 

'nssiou of thp ’ no clue to its position. Of special unper lobe, and the 

^'ffurent vas 1 to the bronchovascular pedicle of the right upper 

n ar patterns encountered in the interlobar approach. 



A NEW DESIGN FOR RAISING A TUBED PEDICUED FLAP 
P. Gabakro, M.D.,* Barcelona, Spain 

THE CLASSIC AIETHOD OF RAISING A PEDICLE 

T he xisiial Avay of preparing a tiiboci pedicled flap according to Gillies,’ 
Barsky,- or Fomon^ is shown liy Fig. 1. 

Gillies described accurately bow to close the corners at the union of tlie tube 
with the edges of the donor site, which are commonly called “triangular 
corners.” Following this technique the closure of the eorneis is complete. To 
facilitate the closure it has been advised that the incisions should be staggered. 

With this technique the tubed pedicled fla]i lies exactly over the donor area, 
with the result that the suture line of the pedicle is on its undersurface and lie.s 
directly over the suture of the donor area, or over the dressing of the graft if the 
defect has been covered by a skin graft. It is not unusual to find that in suturing 
the corners, a certain degree of tension exists. In fact, Barsky remarked that, 
“short tubes are difficult to suture and rotate.” 

When for any reason (hematoma, infection, failure of the graft, sloughing 
of any edge, etc.) thei'e is some complication in the pedicle or the donor ai’ea, 
01 ' — as is more common — in the corners lietween them, it becomes difficult to 
do the proper dressing between the pedicle and tlie donor area. The healing 
of the triangular corners may be slow. Should edema from infection or any 
other cause supervene, the difficulty in dressing may be greater and the facility 
for spreading infection maj" increase. 

I have encountered these complications several times in the work of very 
experienced plastic surgeons and, of course, in m 3 " cases too. Is it possible to 
avoid man 3 ' of these difficulties ? 

THE FUNDAMENTALS OF THE NEW TECHNIQUE 

Four Essential Points to Consider . — To lessen these difficulties a method 
should be found which would: ( 1 ) allow the flap and the donor area to he 
treated separate^", (2} render both lines easil}- accessible, (3) facilitate tlie 
closure of the ends, and (4) place the suture of the triangular corners of the 
pedicle outside the main suture line of the donor area. 

The Basic Consideration . — To attain these objects the tubed pedicled flap 
should be longer than the straight distance between the ends of the donor area. 
By the classical method these lengths are exaetty the same. 

The solution from the geometrical point of vicAV is quite simple if we con- 
sider that in a semicircle or an 3 " arch the diameter, or the straight line between 
the ends of tlie arch, is always shorter than the arch itself. Thus, if rve design 
the pedicle in a curved line, the tube will be longer than the straight distance 
between its ends and therefore loose over the donor site. The shorter the radius 
of the curve of the flap, the looser will be the pedicle over the donor area (Fig. 2). 

This point has limitations in practice, above all the ones coming from the 
blood suppl.y, with which we shall deal later. 

B 3 ' examining the drawings it can be seen that the excess length of the 
pedicle in relation to the straight line allows ns to bring the tubed pedicled 

Received for publication, June 19. 1945. 

•Former Secretary of the Society of Surgeons of Catalonia. Now Plastic Surgeon at 
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flap aivay from the donor .'ire;), nijikinfr nil file siilnring nnd .iii\ n< I’es'lJuy 
iiiatieuvor easier. 

Since the fir.st i)eriele was rnis'ed, Xov. 17, 1iM2. (ho (oclinifi'U ’wi"' i >«'0 
slightly altered and iinpi'oved hy expenmiee. 

Tin: Tircnxnpn: 

The planning' of the jmdielo is an iinporlanl .step. Very seldom i^i tl'i Mieie 
hpe of flap n.sefni in (wo different patients. Before raiding the pediek n O' 
accessary to decide .such points as (a) the area from where the /I.ir> is to I'c 
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1^0 cloVed or .skin einfted. JS. The - 

■‘'tltclics of the donor area, r, The The sutures of the 

pSw ^ sutuie of the donor area Is covcied tjf ^ atea it is necessary to 

S the pedide ’’asld^' ’ " 




v» * r>f r3.1Sl^& ^ tul?Ct3 

Pcaicled^aiiT?'®! differpnce betiveen tne classy the^dono " arer with the tension of the 

normal skm pedicle is kept th^e don remains 

donor site* Hn’ng the pedicle to one side, 't-P® s ^ edges, B, The P®dide 
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size and curvature of the flap, (c) the f ^ ^ to it2 
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The Curvature . — The curvature should be adapted to the size of the flap 
and to the local condition of the blood supply. 

In small pedicles the curve should be pronounced, with a short radius. A 
radius of 5 or 6 cm. for the inner eun’'e may be adequate. In these small flaps 
the blood supply is not likely to suffer and the design may be practically any, 
from a very curved line to an almost angular flap, although acute angles should 
be avoided. 

In large pedicles the curvature should be less and, therefore, of longer 
radius. A radius of 10 cm. or more in length is most suitable for the inside 
curvature. It maj^ be dangerous to cut large pedicles following very pronounced 
eun^es because of some interference with the blood supply. However, if an un- 
usual curvature Avere necessary in many cases it might be obtained by delaying 
the flap before the main operation, or by building up the flap in stages. 

The Size . — I haAm been able, with this technique, to raise tubed pedicled 
flaps of verj’- different sizes. The smallest flap has been 11.5 by 4.5 cm.; the 
standard has been about 18 bj' 7.5 cm. These tAvo sizes can be considered 
orthodox and be raised at the first operation Avithout lAndue danger. 



Fig. 3. — The method devised by the. author of this article. A, Tvro parallel curves start- 
ing and finishing at the same level mark the edges of the pedicle. The skin is raised and 
rolled in, Radius of the inside curve is 5.5 cm. B, The stitches of the donor area are not 
inserted in the sj-mmetrical points hut radially, vrlth the object of bringing the flap more to 
the side of the center of the curvature. G, All the sutures are in place. The central sutures 
of the flap are at the edge or over the flap. The sutures of the corners and of the tubed 
pedicled flap are described in the text and additional illustrations. 

One. of my large flaps Avas 23 by 8 cm., raised from the side of the abdomen. 
It was made in two stages ; at first the edges of the pedicle Avere cut completely 
and sutured back immediately as a “delay”; in the second stage the fiap was 
raised completely. 

My longest flap, of a completely unorthodox size, Avas 33 cm. long by 7.5 
cm. wide. It Avas raised from under the axilla and on to the back of the chest. 
The design was forced by the position of the areas Avhich were available. It 
Avas raised in two stages. The first stage was to raise a pedicle 19 by 7.5 cm. 
and the second stage consisted of prolonging this pedicle by 14 cm. more, Avith 
the same Avidth. The angle between both pedicles was about 90 degrees. The 
result was quite satisfactory. 

The Raising of the Pedicle . — Once the size and the curvature are decided, 
tAvo curved parallel lines are painted in ink on the skin. It is not necessary 
to use a dmder, in fact, I always do it by hand, taking careful measurements. 
This allows me to make any slight modification which may be necessary to adapt 
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the design to the selected area. Sometimes the ends o£ the' curve do not follow 
exactly the curvature of tlie central part; they may be .straighter. 

The sldn to be tubed is now completely raised. All the edges of the donor 
area are undermined for at least 2 or 3 cm. all around, but sometimes much 
more. This is the time to decide if the donor area can be closed by direct suture 
or if a skin graft will be necessary to cover it. On tlie abdomen it is very often 
possible to close eomplelelj’’ the donor site bj' direct suture, even in the case 
of large flaps. Sometimes the I’emoval of some subcutaneous tissue may help to 
make the closure easier. 

In any case there is no difCercnce in the teclinique of this closure of the 
donor area following this new technique or the classical one, except at the 
corners, as udll be explained later. 

Now the flap should be tubed. Holding the edges with liooks or carefully 
■with the fingers, the sutui’cs udll be placed, keeping the skin as it lies, ■without 
tension. I place a central stitch firet, -which, it can be seen, is not underneath 
the pedicle, but at one side or slightly on the upper side. Holding this stitch 
up, a few interrupted sutures will bring all the edges of the flap together. The 
central part of the flap is now eompletel}’- sutured. The ends are still open. 

The donor area should now be sutured. To begin, a few stitches, three or 
five, will bring the edges as close as they can be without undue tension. These 
stitches should not be inserted at the same level at both edges. They should 
follow a radial direction (see Fig. 315). It will be seen that this facilitates the 
approximation of the ends of the pedicle, which is a very important part of this 
technique. If it has been decided that the donor area should be covered by a 
skin graft, the same type of stitches should be placed approximating the edges 
and they should be kept until the graft has been inserted and then removed. 

The suture of the ends of the pedicle is not difficult but it is slightly 
“tricky." Because the flap is fairly loose the corners are easily accessible. The 
suture should be done as is shown in Pig, 4. The flap is kept as much as possible 
to one side and this side of the end of the flap should he completely stttured to 
the edge of the donor site.e The other side should have very few sutures from the 
end of the pedicle to the edges of the donor area, sometimes none. Fart of this 
end of the pedicle should he sutured hy at least two or three stitches to the 
other side, the side toward which the pedicle is displaced. By this very essential 
maneuver the suture of the tubed pedicle is made entirely independent of the 
suture of the donor area. There should be two triangular corners at each end 
of the flap and all the sutures should be placed without tension. If tension is 
necessary, it is because the flap has not been brought enough to one side or the 
euiwature of the design Avas too shallow. 

Once finished, the tubed pedicle stands quite easily away from the donor 
area, sometimes 3 or 4 cm. at its center. If the donor area has been closed by 
direct suture the result is even better. If a graft has been put over the donor 
area, the dressing covering it remains almost completely at one side of the pedicle, 
but not beneath it. 

I do not employ drainage anyAvhere at the end of the operation. If in some 
exceptional cases I am not quite certain that the area Avill remain dry, I may 
leave two stitches undone at one end, to facilitate the drainage of any possible 
collection. The dressing, always a very important part of the operation, is 
done with gauze, sometimes slightly rvet; fair pressure is always applied over •' 
the donor area and at the ends of the, flap, but only very light pressure is left ’ ' 
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the central part of the flap. The central part is left always visible or just 
eovered by a simple superficial bandage, to permit examination at any time. 


DISCUSSION 


Have the four essential points been obtained 1 

1. Is it possible to treat separately the flap and the donor area? The exam- 
ination of Fig. 5A makes this evident. 



Fig^. 4. — How to suture the triangular corners. (The flap has been cut raised to 
show the suture of the corners.) it. The flap is kept to the side of the center of the cui 
ture, Tlie end of the flap of this side should be completely sutured to the edge of the ao 
site. The pther side of the end of the flap should be sutured by onlj' two or three 
the same side of the donor area and by, at least, two or three stitches to the side of the ce 
of the curvature. B, The main sutures are in place. It remains to close the triangular ' 

With this technique there are four triangular corners, two at each end. C, One of tlie sui 
which can be used to close tlie central part of the triangular corners. The accurate 
of these triangles is very important. D, All the sutures are in place. Notice the independent 
of the suture of the pedicle and of the donor site. 
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tubocl pedicle Hap can be easily lifted and all the suture 'j"P® F“ 

17. 1943- and donor site can be treated sep.arately. Tliis pedicle 'v as, raised on July 


!'■ 1943 R *‘“‘0 upnor site can bo treated separately, inis "“r,. used 

successCullv' t ° rest remains at one side of the donor area. This P 

ssiuiij to rebuild tlie pharynx. 



'iehtfy ove^ thp stitches of the tubed 'and'^’it was later proionped 

angular hnf ^np is 19 cm. long by '•Sf'!!;'' Jong and with the same iMdth. 

Wliolc is tonin' pedicle in verticle direction ‘ tire anterior part of tlie neeK. 

burnea transferred to the left axilla and to the entire am ^ ^^ds 

‘‘’e sides of the Aeck °'=t=P’'red and tlie flap is alread^ 

■ Pedfcie '^.^ebed Pedicled flap 15 by 7 cm. The donor nrea 'vas cIo,sed^b}^ ^ jt „p 

*e examine'^ the ®*’'trt from that suture. Because the flap i - • center of tlie flap- 

te is no strain ,''n‘'"ers. Note U,ree stitches ean be seen at 

strain anywhere. The pedicle w'as raised on June _s. 


738 


STOGEBY 


2. Are both lines of suture easily accessible? From the donor area point 
of view this is obviously so. The suture of the pedicle becomes almost com- 
pletely lateral and, if the curve is veiy pronounced, some of the stitches may be 
on the external surface of the flap. This is shown clearly in Fig. 6. 

3. Is the closure of the ends facilitated? Yes, inasmuch as the pedicle is 
longer it is much more loose and there is much more room for maneuvering. 



Fig. 8. — ^Flap 20 cm. long by 7.5 cm. ■wide raised from the abdomen ■n’ithout delay and 
following the technique described in this article. It is on the way to the neck, via chest, which 
had been burned deeply by x-ray therapy. The transfer has already been done quite suc- 
cessfully. 

4. Is the suture of the triangular corners of the pedicle outside the main 
suture of the donor area? If the pedicle has enough curvature and during all 
the suturing it has been kept apart from the donor area, it will be seen that the 
suture of the flap and the suture of the donor area remain easily separated al- 
though there is a line of suture between them. If this is not easy it is because 
the flap has not been brought enough to one side. This lateralization should come 
easily ; if not, it means that there has been some defect in following the technique 
explained. 

In no case should the tubed pedicled flap he sutured forcing its position. 
The stitches should unite edges which lie easily together. 

If the donor area instead of being sutured is grafted, the main sutures re- 
main much the same, perhaps easier to place, because there is less tension at the 
edges of the donor area. In this case I would advise the suturing of the ends of 
the pedicle only at one side of the donor area and covering the other side with 
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the graft, as can be seen in Fig. 5B. The position of the triangular corners 
should be exactly the same as in the case of complete suture of the donor area; 

Perhaps at first sight it may appear that the teclmique is complicated, but if 
the method described is followed from the beginning it will be found that the 
details become obvious when the pedicle is in the hand. 

RESULTS 

Following this technique I have raised twenty tubed pedicled fiaps of very 
different sizes, fi’om 11.5 by 4.5 cm. to 33 by 7.5 cm. (the latter in tAvo stages). 

In sixteen cases the result Avas quite satisfactory from the beginning. In 
three eases there Avas a small blue spot at the center of the flap, folloAved by a 
very superficial loss of skin Avhieh recovered completely in less than ten days. 
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trnl 8-— The relationship of the main arterj- and the ° Thei^’fs mi’m^n'^ar- 

up-and-down type to be used for a ^L.. across the mfd- 

1?no ^^spribed in any anatomy textbook which goes up tr®"’ i nrovid’ed by tlie net of 

’‘"^'.and down to the right side of the forehead. The ®“PP'y 1® " 

small vessels of the scalp and forehead. The result was quite uneventful. 

In only one case aa^os there a very small loss. It Avas in a flap 20 by 8 cm. 
I'aised in one operation, witliout any previous delay, on the upper part of t le 
left thigh (to be brought down to the heel of the right foot). In the center o 
the flap there AA’as a loss of skin 1.5 cm. long by 0.6 cm. aa ide. le aa lo e pc ic e 
is at this time in quite good condition to foUoAv the plan cAise 

This was the only case with any loss, which probably could have ben • 
avoided by a simple “ delaj'. ” 
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Blood Vessels and f/ie Nciv Technique ^ — Is this teehniqixe made difficull 
becaxise the direction of the vessels docs not allow enough freedom to select the 
necessary curve? The answer is, “No, not if done properly,” for the following 
reasons. 

1. Although in practically all books on plastic surgery the main vessels arc 
mentioned as the most important consideration in the design of a pedicle, this 
is not always quite so. It is too long a matter to be explained completely in 
this article but I shall mention three facts, I have raised, after careful con- 
sideration, long flaps of completely unorthodox design, from the point of view 
of the blood vessels, and successfully. Blair'* shows some flaps raised without 
any relationship to the main vessels. The typical up-and-down central forehead 
flap, a quite sound flap, is, too, unorthodox from this point of view. 

2. In a small and wide flap, say 12 by 7 cm., the large vessels are not 
of much importance and frequentlj* the flap can be raised with safety in any 
direction. It should be mentioned in particular that these short flaps are the 
ones which need a marked curvature to obtain the necessary extra length. 

3. With long and narrow flaps, in which the big vessels must be considered, 
the curvature necessary to obtain the extra length is very small a7id often is just 
the degree of curvature which the vessels normally possess. But it is always 
possible by careful “delays” to raise successfully flaps which do not follow the 
line of the vessels. 



Fig. 10. — Straight vessel. If desired it is still possible to keep the main vessel within a pedicle 

cut on the curve. 


Let me remark, also, that if a straight vessel is ivanted it is often possible 
to enclose it inside the curved pedicle (Fig. 10). 

Thus far I have not encountered a case in which it was impossible to cut the 
flap as described here and I have found the technique verj"- helpful. 

sumi.\.RY 

A new technique is described for raising a tubed pedicled flap. This is 
largely based on a design whereby the tubed pedicle is cut on the curve, thus 
making the pedicle lie lateral to the donor area, simplifying all suturing, and 
making the pedicle much more free. The so-called triangular corners of the 
end of the tube are sutured apart from the main suture of the donor area, 
thus simplifying the nursing care. 

The technique is fully described with illustrations. 
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The tubed pedicled flap and its donor area become independent from the 
first operation. 

The results of twenty cases arc discussed. 

The photoKruphs wore taken by All.«a H. AInr.silcn and by Ml.'is E. Gibbons. 
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KESUSCITATION OP SEVERELY AVOUNDED CASUALTIES 

Captain Joseph J. Laugh, and ULuor Jamf.s M. jMason, III, 
Medical Coups, Army of the United Statf.s 

S INCE the American forces landed in North Africa in November, 1942, many 
changes have occurred in the concepts and management of peripheral eircu- 
latoiy collapse. Our jiresent views on resuscitating and treating severely 
ivounded battle casualties are based on two year's’ experience in caring for such 
cases. This experience was gained from rendering resuscitation therapy and 
surgery to the most seriorrsly wourrded which were selected in division clearing 
statiorrs and sent to adjacent field hospital platooirs. These platoons were staffe 
by shock and surgical teams of an auxiliary surgical group, one of the shock 
learns being headed by one of us (J. J.L.), and one of the surgical teams by 
the other (J.M.M.). Prior to working in field hospital platoons, tire former, 
during the North African and Tunisian Campaigns, served as shock officer rn 
an evacuation hospital. Since the beginning of the Airzio-Nettuno Beac > ea 
operation in Italy, he has supervised the resuscitation of over 1,500 batt e casua 
lies. It yvas early recognized that, whole blood was the most essentia agen o 
be used in combating wound “shock.” The collecting and transporting ot 
fresh whole blood in adequate quantities were the biggest problems wrr 
confronted the medical officers in forward hospitals. Up until the 
Eeaehhead landings it was necessary to draw blood from a%ai ^ 

personnel at the time that the blood was to be used. A Ampr 

f^ision unit landed on D-Day of that invasion and furnished blood to ^ ' 
'can forces. Soon after the beachhead Avas established, I®'''’ 1' ^^°7iLmntorv 
was sent to forward hospitals by an American General Medical • ’ 

The blood transfusion program has been one of the most ™portant labo a e 
satisfactorily worked-out projects of AVorld War II. No" ,7 f 
able all the blood needed as far forward as the field hospital platoon. 

THE “NONTRANSPORTABLE” CASUALTY 

It Avas expedient that some method of classif.A ing exposed 

that the seriously injured could be treated requiring immediate 

unduly long ambulance rides. Therefore, nidi - 

!!!l:iere listed as “nontransportable,” Avhich implied that thei ucie 

Received for publication, May 14, 1945. 
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evacuated beyond the platoons of field hospitals wthout surgery. The patients 
in the nontransportable group need not neeessarilj’- liave peripheral circulatory 
failure. The nontransportable casualties included principally ; penetrating and 
perforating wounds of the peritoneal and pleural ca^^ties, and of the spine; 
traumatic amputations; compound fractures of tlie femur; and vascular in- 
juries necessitating the application of a tourniqriet. ^Multiple combinations of 
these injuries were commonly seen in the group. 

The patients were young, vigorous, liealthy men, seldom over 25 years of 
age, who had been exposed to extremes of weather, had existed on irregular 
or inadequate diets, and who had experienced the stress of battle. Practically 
all had had morphine, often gr. subcutaneously, before arriving at the field 
hospital. Water had been denied to practically all of those "with abdominal 
Avounds, Avhile others received none or minimal amounts before admission. All 
were subjected to evacuation over rough roads. Fractured extremities Avere 
supported Avith Thomas or Avire ladder splints. Plasma, from one to six units, 
had been given to about one-third of the Avounded in battalion aid, collecting, 
or clearing stations. Approximate^ one in fifleen of the extremity cases had a 
tourniquet in place on admission. EA'acuation time to the field hospital Avas 
commonly six to tAvelve hours under usual circumstances, but was as long as 
eighteen to twenty-four hours in mountainous terrain. 

GROOTIKG OP CASUALTIES BASED ON TRxVU-AIA AND CIKCULATORY STATUS 

A further classification of these patients based on trauma and circulatory 
status Avas helpful. The latter Avas adopted because it guided the priority and 
speed with which resuscitation Avas carried out and served as an index of the 
degree of peripheral circulatory collapse. The former classification Avas indi- 
cated because the tjqie of trauma may be, in a given case, a more important 
factor than the circulatory status in deciding Avhen surgery should be done. 

First, there are the Avounded Avith trauma and hemorrhage as the underlying 
causes of the failing peripheral circulation. This group includes many combin- 
ations of injuries. In the absence of active hemorrhage it is possible to restore 
and maintain a stable peripheral circulation in these patients AA'hen sufficient 
blood and plasma are given. 

Second, in addition to trauma and hemorrhage, some of the Avounded have 
the added factor of cardiorespiratory embarrassment. The necessity for cor- 
recting cardiorespiratory embarrassment cannot be stressed too strongly, since 
the cause or causes of inadequate oxygenation must be relieved before the heart 
can be expected to respond favorably to injections of plasma or blood. 

Third, there is the gi’oup of AA'ounded Avith trauma and hemorrhage plus 
infectious or chemical contaminations. The contamination may be in the pei’i- 
toneal (Case 1), or the pleural cavities, as Avell as in grossly macerated tissue. 
The men in this group, even in the absence of continued hemorrhage, usually 
respond sluggishly to transfusions and require large volumes of blood and 
plasma. 

The circulatory status Avas judged on the basis of the admission blood 
pressure. The following subdiAisions Avere adopted : (a) casualties Avith a blood 
pressure in excess of 90 mm. Hg, in whom peripheral circulatory failure was 
impending; (b) those with a s)>-stolic blood pressure of 90 mm. Hg and beloAV; 
and last (c) those with an absent auscultatory blood pressure. It Avas appre- 
ciated that an absence of the auscultatory pressure in the arm is not an index 
of the pressure existing in the cardiopulmonary system. An absent ausculta- 
.tory, or a 0/0 blood pressure, is a grave omen in itself, since one cannot deter- 
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mine for what, interval of lijne llie patient has lind this doipee of )>ovipheral 
failuro. Immediate prognosis in patients, esiieeially those with a 0/0 blood 
pressure, ivc found was dependent on the response of tlm systofie ]n’cssnve to 
intravenous in,ieetions of blood or jdasma. As lon;^ as n 0/0 hlcud ])ressui‘c 
was restored to the supposed normal level (100 nnn, it.ir or more') with infusions 
of 500 to l.aOO e.e. of blood, the respojise was eonsidered srood and tiie imme- 
diate prognosis favorable. 


ni.oon ritKssfUK i.v tiik xo.vTKAxsnoin’Am.K ('a.^-i m.ia 


After the number and tyju's of wounds were noted and it"' po.ssibility of 
active hemorrhage was eonsiderc'd, the hlood jiressuro readinu'.. m coi'junetion 
nidi the pulse and the respirations, served as tlie most retiahU' euKh' lor re- 
placement therapy. In spite of the acknowledged iniiuntiinro uf t!\e blood 
pressure readings, they wei’e mi.sleading' in .some instanco.s. In eaMiaUies with 
bauniatic amputations and in tho.se with e-stensive soft tissue damima of the 
diigh and huttoek, the blood pvcssni'c was often maiutainod amuinl Idd mm. 
Hg from three to cigivt hours after wounding. When sueh piatiouts woro sub- 
ieefed to surgery without the supimrtive measure of 500 to 1,000 e.e. of blood, 
peripheral circulatory eollaiisc fi'oiinontly oeeurred during anesthesia or surgery. 
Patients with chest and aiidominal woiind.s were Icnowu on occasion, to react in 
9 similar manner. 

Ptrtieut.s arriving at field hospitals with records of having had plasma hut 
"dhoiu blood pressure recordings must he observed very carefully before any 
inclusions arc reached concerning the stability of Ibc peripheral pressure, 
one should Iniow, in thc.so cases, flic initial j)re.ssurc, bow tlm lu'cssure responded 
° P^nsma, and the ability of the circulation to maintain a stable peripheral 
Pfessvu'e. 


Auscultatory blood pressures bavo been observed to disappear in one of two 
nays, it systolic pressure around 100 mm. Ilg may abruptly begin to ee me 
“ neeomc inaudible in five to fifteen minutes after turning the patient pre- 
operatively or during surgery. In other instances, the systolic pressure may 
J'n^ntain a level of around 90 mm. Hg and may be definitely recorded at tins 
e while the sounds gradually diminish in intensity and tend to a e ' 
latter finding is most often observed in the immediate postoperative peiio 
« an ominous sign. When this observation is made we feel that plasma o 

*"'00(3 IS indicated. 


absence of the auscultatory sounds in the antecubital ai 
^ noted on earlv +lit> svstolic pressure is hi 


area is some- 


ot the amscultatory sounds in rue — 

am] f inspiration when tlie systolic pressure is firs lee 

beif’ ^ S mm. Hg thereafter. Tliis finding is much more 

frem^ during surgery than in the convalescent period. It is 
abor individuals whose systolic pressure is 90 

diu-ia ^ "'expiratory influence upon the systolic pressure preoperatn e .1 
g surgery seemed to be associated with an unstable peripheral p 
'vbieh' tabulated to show the drop in systolic pressure 

occurred during the course of treatment, 
active i^^renty cases only the patients in Cases 1, 

devpl during surgery. Six patients (Cases 1, 6, i, 9, 10, < 

''•bieh 0 ^^ P^ipiieral failure postoperatWely. A decline in JJ 

iiPecL during surgery was quickly observed and treated ^ntl adde 

r* likeb”! Piusma. Peripheral circulatory failure post op . 

b to be missed during extremely busy periods unless a definite effo 


Table I. Patients Showing Drops in Systolic Pressure During the Course op Treatment 

plasma b.p. therapy before drop drop in drop therapy after drop in 
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made to follow hourly blood pressure fluctuations for at least the first six hours 
after surgery. JIany factors such as deep anesthesia, continuing hemorrhage, 
and certain intrathoracie injuries are known to cause lowering of the blood 
pressure, but in tlic seriously injured, inadequate replacement therapy was felt 
to be the most frequent cause for a break in peripheral circulatory compensa- 
tion. It has been repeatedly demonstrated that a failing peripheral pressure 
can, in many instances, be restored and maintained with added injections of 
blood and plasma. In view of the frequency with which drops in systolic pres- 
sure occur during the course of treatment, we believe that replacement therapy 
is inadequate unless an added 500 to 1,000 c.c. of blood are given after the 
assumed normal level (100 mm. Hg) is attained. Replacement therapy, there- 
fore, does not stop in the resuscitation tent, but is continued during surgery 
and is usually necessary for the first six hours postoperatively (see Case 1) . 

During surgery, when drops of blood pressure develop as the blood is being 
injected, the drop is relieved by increasing tire volume of flow bj' gravity or 
pressure depending on the degree of the drop. Injecting more blood or plasma 
at such a time is the most effective means of overcoming the developing peripheral 
collapse if it is amenable at all to intravenous therapy. Once the systolic pres- 
sure is restored to 70 mm. Hg a definite attempt is made by the anesthetist 
to determine whether generalized fine moist rales have developed during the 
course of injection. In the event of moist rales, the rate of flow is so regulated 
that a level of 80 mm. Hg is, if .possible, maintained and the level of 100 mra, 
exceeded only after several hours.® 

CUNICAU OBSERVATIONS 

Patients with abdominal and extremity injuries with an admission 0/0 
blood pi’essure which failed to respond to transfusions were usually conscious 
until shortly before they died. Patients witli chest injuries and an associated 
anoxemia may be restless or at times unconscious, even when the systolic pi'cs- 
sure is 70 mm. of Hg or more. Head injuries, as a group, did not present the 
peripheral circulatory collapse that other types of injuries tended toward, al- 
though the verj^ severe head injuries did show fluctuations in pulse and blood 
pressure. Unconsciousness, of course, Avas common in this last group. As is 
well knoAvn, the color of the skin is influenced liy the external temperature, the 
severity of the hemorrhage, and the presence or absence of respiratory embar- 
rassment. Patients with hemopneumothorax were cyanotic if they had not lost 
too much blood; otherwise they were pale. Those noth massive or recurrent 
hemorrhage Avhose blood pressure was supported with repeated injections of 
plasma had a Avaxy yclloAV skin. In our experience, including the Avounded 
AA'ith Avaxy yelloAV skins, the color of tlie skin and lips Avas not reliable in eAml- 
uating the circulatory status of the patient. Red lips Avith an absent ausculta- 
tory blood pressure and pale lips Avith a systolic pressure above 100 mm. Ilg 
have been observed. The majority of the casualties treated AA*ere cold and Avet, 
some had oral temperatures as Ioav as 93° P. Blood stored in llie icebox Avas 
routinely injected. SAveating Avas rare in the patients observed in this study. 

The lAulse aaus usually rapid and feeble Avhile in other instances it was 
slightly accelerated in the presence of peripheral failure.’ Unless tiic radial 
pulse Avas absent or in excess of 140 beats per minute, tlie eireiilaton- status 
Avas difficult to CAmluate from the pulse rate. Frequently, a pulse rate of 140 
fails to diminish Avith transfusions in tlie presence of a risina blood ])rc.ssure. 
When the surgical condition permits, in .such a ca.se a delay of onc-half to one 
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hour with added transfusions is helpful. An increase in the radial pulse rate 
was not infreciuent during resuscitation (sec Case 3). A pulse deficit of 3 to 
6 per minute was not uncommon in patient.s with a systolic pressure of 70 mm. 
Hg. In our experience the radial pulse volume was a far better index of the 
condition of the peripheral circulation than was the rate. 

As has been previou.sly noted by others, the veins in the extremities may 
be so diminished in caliber that they are no longer discernible. Sometimes it 
is impossible to insert a needle into a vein, because, in addition to the decreased 
diameter, active spasm of the venous wall oeeui’s. In other instances, after the 
saphenous vein is eannulated, the resistance to the flow of blood can be so 
pronounced that gravity will not suffice. Cold blood frec]ucnlly induces some 
venous spasm and a decrease in the rate of flow. At times cold blood may 
actually stop flowing w'hen suspended four feet above the patient, thus neces- 
sitating positive pressure as recommended by the British Transfusion School.’ 

HEJIORRHAGE IX THE XOXTRAXSPORTABLE CASUALTY 

Trauma and hemorrhage were, in this group, so associated and so closelj^ 
interrelated in their influence upon tlie circulation that it Avas difficult to think 
of one without considering the other. Early in this study it became evident 
that the patients had lost much more blood than one might have thought. 
Surgical intervention for active bleeding, however, was rarely necessary on 
admis.sion, since bleeding had usually stopped -spontaneously. Even though it 
was not possible to estimate the volume of blood lost prior to admission, it Avas 
felt that this loss A\-as appreciable. In patients admitted to the field hospital, 
hemorrhage from extremity Avounds Avas often excessive. The proper applica- 
tion of the tourniquet in these cases cannot be stressed too strongly.* In ab- 
dominal injuries hemorrhages of 1,000 to 1,500 e.c. of blood Avere commom* 
In injuries of the chest as much as 2,000 e.c. of blood may be recovered from 
the pleural cavity Avhere partial or complete hemostasis had been established 
before surgeiy. Continued minimal bleeding Avas observed during surgei’y from 
mesenteric and intercostal vessels, and in rupture of the spleen, liver, and 
kidneys. 

ROUTIXE .VDOPTED FOR THE TREATMENT OF AVOUXD SHOCK 

Any generalizations advocated for the treatment of patients in shock haA^e 
exceptions. In many of the casualties 1,000 c.c. of blood or plasma alone can 
no longer be considered sufficient resuscitation. The routine described here 
sufficed for the majority of the eases. The exceptions requii'ed consideration in 
deciding AA'hat Amlume of blood should be giA'en, the speed of injection, and 
Avhether surgerj- should A\mit until a satisfactory compensation AAms attained. 

The admission blood pressui’e served as a ci'iterion for the speed Avitli Avhich 
resuscitation AA'as started. Those Avith the loAvest pressure received treatment 
first. 

IndiAuduals suspected of impending peripheral failure with an admission 
pressure of 90 mm. Hg or more Avere giA'en 1,000 c.c. of blood in one to tAVO hours 
time by gravity, regardless of AAdiether or not plasma had been given previously. 
Patients Avith traumatic leg amputations AA’ere most frequently in this group. 

Casualties Avith a pressure of 90 mm. Hg and less Avere giA^en blood at such 
a rate that 500 e.c. were administered in approximately thirty minutes. The 
volume of blood which patients in this group obtained depended on the response 
of the blood pressure, the pulse changes, and the patient’s general condition. 
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Casunlties with a 0/0 blood pressui-c were considered to be in advanced 
peripheral circulatory collapse. Therefore, vigorous resuseilalion was adminis- 
tered. These casualties usually required 2,000 c.c. of blood and jdasma. How- 
ever, total volumes (preoperatively and during surgery) of 4,000 to 5,000 c.c. 
were not uncommon (see Table II). Furlhcrmore, should the patient lose say 
500 c.c. of blood in a short time during surgery, the replacement of this volume 
in a similar time interval was desirable. For these reasons patients with a 0/0 
blood pressure had cannulae routinely inserted and tied into the vein. AVith the 
cannulae intact the blood was forced under ]>ressurc into the vein so that 500 
c.c. were iniected in five to ten minutes. Blood was injected at this rate as long 
as the systolic pressure remained below 70 mm. Hg. Once the systolic pressure 
attained 70 mm. Hg the rate of infusion Avas decreased so that 500 c.c. required 
around thirty minutes. In the absence of external bleeding, Avhen the blood 
pressure failed to attain 100 mm. Hg after 1,500 c.c. of blood had been given 
rapidly, the patient’s condition was re-eA'aluated in conjunction with the sur- 
geon. Patients Avho failed to respond to 2,000 c.c. of blood injected rapidly 
were found to have continuing hemorrhage or some other factor producing the 
peripheral collapse. Experience showed that in such cases nothing was gained 
by delaying surgeiy. Therefore, most of these cases were recommended for 
operation in the absence of a satisfactory peripheral pressure (see Case 2). 

Patients Avith chest injuries avIio exhibit peripheral failure may present 
added difficulties in resuscitation. Most casualties Avith chest injuries had sys- 
tolic pressures in excess of 70 mm. Hg on arrival. When cardiorespiratory 
embax’rassment is present, injection of blood or plasma should not exceed the 
rate of 500 c.c. in thirty minutes until the factors of hemothorax, pneumothorax, 
blood or mucus in the trachea, and pain associated Awth chest Avail defects are 
ruled out or treated.® A rapid respiration, commonly Avith a shalloAV excursion, 
Avas usually evident in the presence of cardiorespiratory embarrassment. Fail- 
ure to relieve the causes of cardiorespiratory embarrassment can cause an un- 
satisfactory response to intravenous therapy (see Case 3), may prolong restless- 
ness or unconsciousness if present, and may result in death. 

No heat Avas applied to the patients. The clothes Avere removed and the 
Avounded Avere placed betAA'een dry blankets. Intranasal oxygen Avas reserved 
for the cyanotic patients, for those Avith chest injuries and dyspnea or tachypnea, 
and for those Avho failed to respond satisfactorily to injections of blood or 
plasma. The casualties Avere not placed in the shock position because when vig- 
orous intravenous resuscitation Avas done this did not seem necessary. Others 
may feel differently about this point, but such Avas our experience. 

In many of the casualties the skin color and skin circulation Avere modified 
by injections of cold blood, and by physical and x-ray examinations in cold tents, 
all of Avhieh prevented the casualty from becoming warm until long after sur- 
gery. Due to these facts much stress Avas placed on systolic blood pressure and 
the pulse findings and it Avas felt that a .systolic pressure restored to at least 
100 ram. Hg alloAA'ed for greater safety. Individuals Avith a satisfactory re- 
sponse Avere sent to the x-ray dmsion after the systolic pressure attained 100 
mm. Hg, at Avhich time the rate of infn.sion Avas sloAved in accordance Avith hoAv 
much blood Avas required. Those Avith unsatisfactory i-esponses Avere seen in 
consultation Avith the surgeon and it aa-rs often found adA'isable to limit the 
examination to one or tAvo x-ray exposures. With this policy if Avas 
to reduce the incidence of drops iit .systolic pressure preoperatiA-ely. * • J 
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TABtE II. KESUSCITATION OF WOUNPED WITH 0/0 BLOOD PKESSURE ON ADMISSION 


748 


SUKGEKY 


o o 


o -t* 


OOO 

cy>- CO CO 

<s« O 

1- « 

O 


CO OO ^ 

-44 o «*• O 00 O- 


OOO 

lO 

1-1 01 


O o LO 

ri 


t-1 r-i 


r-i r-i 

OOO . 



. o o 

O 

OOO 1 

. . 
O 1 1 

I 1 I 1 

oo 1 

1 1 1 o 

O O 

LO 


0^0^ 

o 

of cfr-T 




cT 


>< <! 

H 

* O O O O 

d 1 o I I in) io o 

u ^ O Cl t-- irs 


\ ) \ o ) J i 


o o o o 

1 i o I ooo I i ! ) 
o O O lo 


o 

}-• 

ooo O o o . 
nr o o i o loo i 
5 o o lo o o 


,o OCl i^OCl'^OO 

ts- o- O O O <5^ 2 I" CC lO O 

030 O » c 

t- CO o CO C5 CO 'C t- O w o CO CO T— 

O rl r-{ 

Ph 


o i § I I I 1 55 

<>l c3 


0 0 0.0. <P 
O O O 1 O I O I 
ooo w o 


0OOOOOC3OW 

r:<t^WOO0Ql^Ot^ 

o'oocio^J'nww 

OOOr^CiOrHOOCJ 
rH p-I rS t-i r-< 


O O 
I O 1 O I 
o o 


o 

to 

u 

r1 

OOO 

o o 

1 a 1 

1 O O O I 1 

o o 


ooo 

« c 

CJ 

03 r-i T-i 

03 o4 

o 

O 

lo CO CO O O 1.0 

•4- O , 


'"o^o 

sss 


OW-HOJC’ 
C; O CO O O < 
r-i 


, ^ o o lo 'r:* »r5 o o c? o o 'o o u's* o 

fe2&.w riCJ'-Ji O*^C^*PrHfCOOr-»OOC0 r-iOr-J 

§ < e- o** 

S C3 . 03 O Cl -4< O rH 00 r*» Cl o 01 M rH 03 rS Cl 
^ ft, fii Cl r-1 

K 

•< 

^ OOOo o o oo o 

aSdol'^S^ol I Iwl loloi lo 

r ^ . iri LO 03 1-^ cj Cl Ln in o 


OOOOOOOOOOOOOOOOOOOO 
'■OOOOOOOOOOOOOOOOOOOO 
o c^o^o^o O O 0^0 o o o o o o 

cT rMdrHOldCOCOrjT o' tH r-TrH'r-TrH'T-TrH'co'rH' 


d O ^ OOOOOOOOOOOOOOOOOOOO 
C3^$ ^OOOOOP’P^OOOOOOOOOO^O 


o CJ O G> CJ O OJ 

g gooooSooogoSogooog 
S >zoooi^Oir3oo»^Of2o^ooo^2 
J2; e»* ;2; 03 d o i> uo o cj A oi o o ^ 

rH r~l 


'S'® .►-'o'13'O 

;=..■§’§ _ . 

5003.*o5oQi7:,SO , ,r 

:S'^rt3»x3'rJr3'^3'0 cX O ^ 

5cj f;3C/.. 

3rtM5g^f«xocs<oo 


o o o a c3 

^ .r; CJ t-i 

QOQP^B 


^ O CJ 

s s- 

g I .§ rt 

‘ C rO K. 2s 
^ w p ^ 

■g§3po ? 
CO •-« 01 
CJ>^ >4CQ -W 

c ^ 

. ? V .^: -r^ rs 

X^, Cu Q 

pu^<;{gfq ? y. 


rMC3CCri^ir5C£>l>COOOrHCICO«^J^lOOt>COC50| 


lalicii'akd :masox, m : resuscitation of wounded casualties 


749 


lu Table II, twenty cases in which the patients had 0/0 blood pressure, 
picked at random and having been operated ujion and treated by various sur- 
geons, arc recorded with pertinent data pertaining to preoperative, operative, 
and postoperative treatment. Sonic of these patients were treated as just 
prescribed; others were not. Table II should be of interest in that it presents 
a cross-section picture of tlio problem of dealing with the casualty admitted 
with 0/0 blood pressure. 

In twelve of the cases, plasma given at forward stations, although definitely 
helpful, Avas incapable of maintaining the peripheral pressure during evacua- 
tion. Of the seven patients wlio died after surgery, four (Cases 8, 12, 18, and 
19) responded poorly to injections of blood and plasma. Circulatory compensa- 
tion was restored preoperatively in nine (Cases 2, 3, 4, 6, 7, 11, 13, 17, and 20) 
of the twenty cases. Five of these nine required more blood or plasma during 
surgery to bolster a declining systolic pres.sure. One patient® in this group had 
active bleeding at. the time of operation. Nine had surgery started before the 
sj'stolic pressure attained 100 mm. Ilg. Of these nine the response to 2,000 c.c. 
or more of blood and plasma was poor in five (Cases 1, 5, 8, 18, and 19), there- 
fore, surgery was recommended immedialol}'. One patient (Case 9) had a sat- 
^faetory response, hut with the lapse of time the systolic pressure began to 
drop slowly. Some patients (Cases 14, 15, and 16) had satisfactory blood 
pressiu'c responses preoperatively; however, surgery was initiated before the 
desired peripheral pressure was attained. In these three eases we feel that 
sufficient blood was not given in tbe immediate postoperative period. One 
patient (Case 12) who bad a perforation of the cervical cord failed to respond 
to intravenous injections and died before surgery. 

The time spent in the resuscitation tent varied from fifteen minutes to 
twciity-one hours, fifteen minutes. Tiie patients who waited longer than four 
ours did so during unusual periods of heavy casualty admissions. 

Ill Table II is shown how variable was the response to intravenous infusions, 
n rare cases a 0/0 blood pressure was elevated to the 100 mm. level with 500 
c.c. of blood. Commonly, the response was slower so that from 1,000 to 1,500 
c.c. of blood and plasma were necessary (Cases 2 and 4). In some the systolic 
piessure did not exceed the 100 mm. level until 2,000 c.c. of blood Avere injected 
[ ase 6), Finally there Avere others failing- to exceed tlie 100 mm. level even 
after administration of 2,500 c.c. of blood (Cases 5, 8, and 19). 


DISCUSSION 

It Avas not felt that issue should be taken Avith the noAV existing confusing 
nomenclature pertaining to “shock.” For the purpose of clarity, it was felt 
t lat a description of the casualty as recommended by Grant^ Avas more desirable 
until the moot aspects of terminology are settled. Hoav much influence the 
actors of pain, dehydration, and cold exert on the peripheral circulation in the 
noiuided remains undetermined. With time, hoAvever, Ave began to feel that 
simple blood loss prior to and during surgery Avas responsible for most of the 
Peripheral failure. The response of the blood pressure and pulse to infusions 
of blood and plasma remained the principal guide, first for the Amlume to he 
injected, and second as to A\-hen surgerj’- should be instituted. 

Early in this study, even though adequate quantities of Avhole blood Avere 
not available, Ave realized that a failing peripheral circulation could not be 
effectively restored and maintained with plasma alone. It Avas soon found tfiat 
there Avere some patients avIio lost excessiA'c blood in Avhom plasma jn-oducc* 
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only a tcmporaiy elevation of llie peri])liei’al pressure. The decreased oxygen- 
carrying capacity of the blood in patients ■with excessive hemorrhage and the 
frequency of alarming anemias with hematocrit reductions of from 20 to 60 
per cent of noi’mal during tlie first week postoperatively* made us feel that 
a mere restoration of circulatory volume with plasma was not enough. Although 
facilities for determining blood volumes were not available to us at the time, 
one of us (J. J. L.) was aide, while at Anzio, to make hematocrit determina- 
tions. These studies tlien and since have proved invaluable guides in directing 
intravenous tlierapy and in evaluating the patient’s physical status postopera- 
tively. 

In our opinion, nontransportablc patients requiring I'csuscitation should 
receive whole blood. It is impracticable under military conditions to furnish 
blood forward of the first priority surgical liospital units adjacent to division 
clearing stations. At present, pla.sma is used to support a failing peidpheral 
pressure until such a time when whole blood can be administered. 

It may appear that blood was injected too rapidly, especially into casualties 
who arrived with a 0/0 pressure. Kapid injection of blood was adopted for 
two reasons: First, those who did not respond to 1,500 c.c. of blood Avere sent 
to surgeiy more quickly than were those avIio did respond to this amount. 
Second, it AA’as felt that the patient's chance of survival was better the sooner 
the systolic pressure rose above 70 mm. Hg. 

With improvements in resuscitation and the availability of whole blood our 
attention AA-as focused on the occurrence of postoperative uremia. The possible 
role of blood in relation to this syndrome AA’as considered. Prom 2 to 3 per cent 
of the casualties treated in field hospitals developed this complication. The 
oliguria appeared Avithin ten to eighteen hours postoperatiA'ely. In giving 
serious consideration to the possible role of blood in the production of post- 
operative oliguria, the question arises as to Avh ether it Avould be preferable to 
carry a patient through the preopei'ative, operative, and immediate postopera- 
tive courses on minimal rather than generous quantities of blood. Some feel 
strongly that this more conservative regimen should be adopted. An objec- 
tion offered by others is that a risk is encountered in giving, unknoAvingly, not 
enough blood. With further studies of postoperative uremia, a satisfactoiy 
index, Ave trust, Avill be arriA^ed at. AVc haA'e practiced, to date, the giAung of 
generous rather than minimal quantities of blood. 

The factor of hydration in these casualties AA'arrants consideration. AA’^e 
have found no gross clinical cA'idence of dehydration as judged by decreased 
skin turgor. IIoAvever, it is known that in many instances there Avas a limited 
intake of Avater before injuiy. AVater aa'os purposely denied in abdominal 
Avounds. Some of the AAmunded had not had Avater for thirty -six hours. Thix’st 
Avas a frequent and a constant complaint. Postoperatively, there Avas often a 
lag period in urinary excretion of from six to ten hours. It Avould seem reason- 
able, therefore, to inject from 1,000 to 2,000 c.c. of 5 per cent glucose intra- 
Amnously as soon as the peripheral pressure is restored and rendered stable Avith 
injections of plasma and blood. This is recommended AA’ith the liope that urinary 
excretion Avill be stimulated as quickly as possible folloAA'ing surgery. 

CASE REPORTS 

Case 1.— A wliite adult man was injured by hand grenade fragments before 8:15 v.u., 
June 10, 1944. The patient’s wounds Avere bandaged and he was evacuated to the field hos- 
pital where he arrived at 8:45 p.m. Superficial examination revealed penetrating wounds of 
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the left side of the ehosit aiul the left slioiildcr with a coinpound coinnihiutod fractiiro of tho 
middle third of the left humoru.«. There was a ponetratiii"' wound of tho abdomen, as well 
as the right knee witli a eompound eoniminutod fraeture of tho patella. In addition, there 
were lacerating wounds of the chin, tlie right .siipr.'iorbital and malar areas, the right third 
toe, and the left elbow. The patient was conscious and tlic admission pressure a as 100/80, 
while the pulse rate wa.s 100. He wa.s immediately given two bottle.s of diy plasma dis- 
solved in 300 c.e. of distilled water. Five mimitcs later the blood prcs.sure was 132/88 with 
a pulse rate of 00. At 10:20 r..^r., the first transfu.sion of 500 c.e. of blood was begun. 
Shortly thereafter, the patient was given 1/100 gr. of atropine sulfate. Surgery was per- 
formed at 11:10 r.M. under endotrache.al ether o.vygen ancstliesia. During surgery the fol- 
lowing defects Avere observed and corrected: Bleeding interco.stal second left interspace Avas 
ligated, foreign body avus not found. Clavicular Avound Avas debrided and foreign body Avas 
remoA’ed. At exploratory laparotomy 10 cm. of small intestine including perforations Avere 
resected and an end-to-end anastomosc.s AA-as performed. Tiirec iierforations of the loAvermost 
portion of the rectosigmoid A\‘oro closed and a proximal loop sigmoid colostomj' AA-as con- 
structed and exteriorized through a loft loAA-er quadrant gridiron incision. Estimated blood 
loss Avas 500 c.c. from tho intercostal artery and 500 c.c. from the intra-abdominal injuries. 
The lacerations of the right knee, chin, and the orbital areas were then debrided. Surgery 
AAas completed at 4:10 During the operation the patient received 500 c.c. of blood and 

1 unit of plasma. The blood pressure at the termination of the operation aa'us 100/75, AA-liile 
the pulse rate Avas 112. Pia-o hours, fn-c minutes folloAving surgery, the radial pulse AA-as 
absent, and the pressure AA-as inaudible. The patient AA-as conscious. The .skin AA-as dry and 
pale. One unit of plasma Avas started imnAcdiatcIy. Fifteen minutes later the patient became 
restless and began to sluA-cr. At 9:40 A.jr., dried plasma (tAvo bottles), dissoh-ed in distilled 
Avater (300 c.c.), AA-as started. By 10:10 A.xr. the blood pressure had risen to 110/70. After 
this, a 500 c.c. transfusion of blood and another 500 c.c. of plasma Avere given. In the 
afternoon of the same day tlie patient receiA-ed 2,000 c.c. of saline glucose mixture. Ten days 
ater the patient AA-as comfortable and convalescing satisfactorily. 

^ Comments. — This patient AA-itli extensive trauma arrived at the field hospital without 
preA-ious ro.suscitation therapy. As a supportive measure, 2 units of plasma and 500 c.c. of 
ood AA-ere given preoperatively. During surgery another 500 c.c. of blood and 1 unit of 
Pasma Avere found to be adequate to maintain the systolic pressure throughout the operation. 
oiioAA-ing surgery, the patient der-eloped severe peripheral collapse AA-hich responded satis- 
aetorily to added infusions of plasma and blood. In retrospect, it Avould have been pref- 
erable to give more blood during tlie operation. 

Case 2. — A AA-hite adult man aa-es injured by a 25-caliber bullet shortly before 5:00 p.m., 
i arch IG, 1944. He AA-as giA-en morphine, 14 gr-, prior to admission to the field hospital to 
" lich he AA-as admitted at 5:45 P.M. on the same day. Examination revealed that the bullet 
entered the left upper quadrant and lodged in the subcutaneous tissues of the right low-er 
quadrant. The skin was cold and pale. The patient was lethargic and sw-eating about the 
'Ps. The radial pulse AA-as imperceptible, and the blood pressure AA-as inaudible. Tlie carotid 
pu se rate was 112. A transfusion, of 100 c.c. of serum albumin w-as immediately started 
u lidi AA-as followed in five minutes Avitli 500 c.c. of Avhole blood. Due to the patient 's severe 
peripheral failure, intranasal oxygen AA-as also started. By 6:05 p.m. the blood pressure had 
risen to 60/40, at AA-liich time a second blood transfusion Avas started. TAventy minutes later 
n third blood transfusion A\-as begun. At 7:50 p.m. the blood pressure and the general appear- 
ance had not improved, so the patient AA-as scheduled for early siirgerj-. Ten minutes later 
t 'e patient w-as given atropine sulfate, 1/100 gr., and a fourth transfusion of blood Avas 
started. In spite of the continuous injection of blood, the blood pressure remained unchanged 
until operation. Surgery Avas performed at 8:30 p.m., Jlarcb 16, 1944, by one of us (J. M. M.). 

le injuries observed and the surgery performed were as folloAVs: Active bleeding Avas con- 
trolled from small arteries and a large vein in the mesentery of the transA-ersc colon. Three 
P®]'^°j''*tions of the jejunum Avero closed. One perforation of the transverse colon Avn.s 

During the operation tho patient receiA-ed 


exteriorized. Surgery AA-as completed at 9:30 p.m. D 
I 00 c.c. of bloody 500 c.c. of plasma, and 1,000 c.c. 


of the operation tho pressure Avas 70/40 and the radial pulse aaes 120. The patient Av.as 
taken to the postoperative ward Avhere infranasal oxygen and a Wangensteen suction Avere 
'“"tinned, and an added 2,000 c.c. of s.aline dextrose injected before midnight. The next 
morning the systolic pressure Avas 98 mm. Ilg. the puKe Avas feeble with a rate of 140. while 
f'e respiratory rate AA-as 28. During the day the patient wa.« given 500 c.c. of Wood, .5(i0_ 
of plasma, and 3,000 c.c. of saline dextrose. 


752 


SURGERY 


Comment . — The patient arrived in an advanced state of peripheral failure. Since the 
pressure did not respond satisfactorily to 2,000 c.c. of blood, surgcrj' was instituted early 
in an effort to eliminate some of the factors which may have been supporting peripheral 
failure, it being understood that resuscitation would continue during and after surgery. This 
patient was evacuated three weeks after surgery in good condition. 

Case 3. — A white adult man was injured by shell fragments shortly before 11:30 a.m., 
Feb. 9, 1944. Treatment received prior to admission to the field hospital included 3 units of 
plasma and 1 c.c. of tetanus toxoid. He was admitted at 2:50 r.Jt., the same day. Exam- 
ination revealed a posterior chest wall wound 6 by S inches which was “sucking.” There 
was bilateral paralysis of the lower extremities and a penetrating wound of the left leg. 
The systolic pressure was 70 mm. of Hg. The patient was pale, warm, and restless. He was 
Ijing on the abdomen and he complained of difficult breathing. The respiratory excursions 
were shallow with a rapid rate of 30. The radial pulse was feeble, the rate was 96. A 
transfusion of blood was started and injected slowly. By 4:05 r.sf. the pressure had risen 
to 122/30, the respirations decreased to 22, but the pulse rate rose to 128. The patient still 
complained of difficult breathing, therefore, he was rolled over on his side. At this time 
500 c.c. of plasma were started. At 5:25 r.M. the patient began to develop cyanosis; intra- 
nasal oxj'gen was started. The pressure at this time had dropped to 94/30. Pneumothorax 
was diagnosed, the right pleural cavity was aspirated, and 1,200 c.c. of air were recovered. 
Following the aspiration of air, the restlessness diminished, the cyanosis disappeared, and 
breatliing became deeper and less painful. A second transfusion of 500 c.c. of plasma was 
started after which the pressure maintained a stable level. Surgery was performed at 6:50 
p.M. under intratracheal ether oxygen anesthesia. Surgery performed was as follows: The 
posterior chest wound was debrided. The spine of the eleventh dorsal vertebra had a com- 
pound fracture. A laminectomy of the eleventh dorsal vertebra was performed. More air 
was aspirated from the right pleural cavity. Surgery was terminated at 9:03 p.m. During 
the operation the patient was given 1,000 c.c. of blood. At the end of the operation the 
pressure was 105/45 with a pulse rate of 82 and a respiratory rate of 22. On the following 
day the patient was comfortable. There was an absence of sense perception to the level of 
the umbilicus. The pulse rate was 84 and the respiratory rate was IS. After a period of 
two weeks the patient was evacuated to the rear. 

Comment . — This patient had difficult breathing which became progressively worse uith 
the appearance of cyanosis and increased restlessness during resuscitation. Following the 
aspiration of air from the pleural cavity the improvement was rapid and dramatic. 

SUMMARY 

1. The nontransportahle casualty is defiired. 

2. An arbitrary classification of casualties based on trauma and circulatory 
status is suggested. 

3. Hemorrhage is probably the most significant factor in the casuatiou of 
peripheral eireulatoiy failure, since the change of appearance of the patient 
and the restoration of the systolic pressiu’e is dramatic in most instances fol- 
lowing the injection of adequate quantities of whole blood. 

4. Other common factors in the production of peinpheral circulatory col- 
lapse in the wounded are mfection and cardiorespiratory embarrassment. 

5. During resuscitation in the preoperative and surgical phases of treat- 
ment the systolic pressure may drop while blood or plasma is being injected. 
At such times, depending on the degree of drop, the rate of infusion should 
be accelerated. 

6. Individuals verging on circulatory collapse or those whose blood pres- 
sure is restored to the 100 mm. Hg should have an added 500 to 1,000 c.e. of 
blood either preoperatively or during surgery before resuscitation is considered 
adequate. 

7. Three cases are reported to illustrate specific points. 
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TUB PERITONEAL ABSORPTION OF PENICILLIN 

Lieutenant Colonel B. G. 1’. Siiafikoit', ]\Dii)ical Corn s 
Abmy 01' THE United States 

A knowledge of tlic rate of absorption of penicillin through iho normal, 
■‘k honinflanimatoiy pcritoncinn should he regarded tis a necessary pic- 
icquisite for the evaluation of this drug in abdominal surgery. In a recent 
study of a small nunihcr of patients, Green and Alturc-AVeher* found that the 
“itrapentoneal instillation of penicillin was followed by significant bacteriostatic 
coueentrations of the antibiotic in the blood. They therefore^ concluded that 
P^ieillin was of prophylactic A'alue against infections of abdominal origin. 

Ill the present investigation the rate of absorption of penicillin through the 
ooi'inal human peritoneum was delcrinincd in a series of twenty-two patients siib- 
iwted to operation for hernial repair. Penicillin in solution was instilled into 
peritoneal cavity Ijy rublier catheter through the hernial sac just prior to 
ligation. In each case, 100,000 Oxford units of penicillin, dissolved either 
100 c.e. of plasma or in normal saline solution, were injected. In addition to 
mitial preoperative blood sample, 5 c.c. of blood were drawn at intervals ot 
liour for a perfiod of seven hours. The concentration of penicillin in the 
wum was determined quantitatively by the agar cup method of Fleming. e 
® organism, a penicillin-sensitive Staphylococcus aihicus H, iias 

lire agar plate. Parallel determinations were made frequent y y am 
aelkampf’s serial dilution method. Also, the patients were observed carefully 
0 iuical evidence of penicillin sensitivity or toxicity, 
til . in plasma or penicillin in saline solution was absorbed leadi y 

r’oagh the peritoneum (Tables I and II). The highest concentration of pen- 
i' 7 appeared in the first blood sample one hour after instillation of the drug 
unit ^ I’^’^^lrmeal cavity. Its average value was found to be a on •- > ^ 

s per cubic centimeter of serum. Thereafter, there was a progressive decline 

ho,!! '^°“‘=®^tration of penicillin in the blood. In the final samples 
Clin' ^^ti’aperitoneal injection, penicillin was not estima i e ^ 

the patients tolerated well the presence of penicillin 
toSy ''' manifestations of sensitnity 

niain?^-^ of penicillin into the blood stream 

fion a period of three to five hours, during w ic n 

the blood was potentially bacteriostatic. Nevertheless, the e 
^Ptiou of peuiemin was such as to .indicate that the progressnely decioasm. 


Rocelv, 


■ca for publication. July 7, 1945. 
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Tabi.e I. Pexicillix in Saune 



I 

1 

2 

3 

4 

5 

6 

7 

1 

0.0 

1.2 

1.0 

1.0 

0.8 

0.5 

0.1 

0.0 

o 

0.0 

2.4 

2.0 

1.0 

0.7 

0.6 

0.2 

0.0 

3 

0.0 

2.0 

2.0 

2.0 

0.8 

0.7 

0.4 

0,1 

4 

0.0 

1.0 

0.S 

0.5 

0.5 

0.5 

0.2 

0.0 

5 

0.0 

2.0 

1.3 

1.0 

0.8 

0.0 

0.0 

0.0 

6 

0.0 

2.0 

1.0 

1.0 

O.S 

0.0 

0.0 

0.0 

7 

0.0 

2.0 

2.0 

1.0 

O.S 

0.0 

0.0 

0.0 

S 

0.0 

1.2 

0.8 

0.5 

0.5 

0.3 

0.1 

0.0 

9 

0.0 

1.5 

1.0 

0.4 

0.1 

0.0 

0.0 

0,0 

10 

0.0 

0.4 

O.S 

0.6 

0.3 

0.1 

0.0 

0.0 

11 

0.0 

1.3 

0.7 

0.4 

0.2 

0.1 

0.0 

0.0 

Ayer- 









age 

value 

0.0 

1.5 

1.2 

O.S 

0.5 

0,2 

0.09 

0.01 




Table II. 

Pexicilijx 

I.V PLAS-MA 





I 

1 

2 

3 

4 

5 

6 

7 

1 

0.0 

1.2 

1.0 

0.3 

0.2 

0.1 

0.0 

0.0 

2 

0.0 

O.S 

0.3 

0.2 

0.0 

0.0 

0.0 

0.1 

i 

0.0 

1.4 

1.0 

0.8 

0.5 

0.5 

0.1 

0.1 

4 

0.0 

1.2 

0.9 

0.9 

0.0 

0.4 

0.1 

0.0 

5 

0.0 

1.4 

1.0 

0.7 

0.4 

0.2 

0.0 

0.0 

c 

0.0 

O.S 

0.0 

0.3 

0.2 

0.1 

0.0 

0.0 

7 

0.0 

1.5 

1.2 

O.S 

0.7 

0.3 

0.1 

0.0 

s 

0.0 

0.1 

0.1 

0.4 

0.2 

1.0 

0.0 

0.0 

9 

0.0 

0.7 

0.3 

0.3 

0.1 

0.0 

0.0 

0.0 

10 

0.0 

1.2 

0.7 

0.1 

0.0 

•0.0 

0.0 

0.0 

11 

0.0 

0.9 

0.7 

0.6 

0.5 

0.5 

0.2 

0.1 

Aver- 









age 

value 

0.0 

1.0 

0.6 

0.5 

0.3 

0.2 

0.04 

0.02 


residuum of the drug in the peritoneal cavity was effectively locally also. More- 
over, results of these experiments have confirmed Greene and Alture-AVeber’s' 
claim that penicillin in the blood via peritoneal absorption was more sustained 
than that obtained by the usual intravenous or intramuscular fractionation 
methods, 

SUMMARY 

The rate of absorption of penicillin through the peritoneum into the blood 
stream was studied in twenty-two normal patients. Penicillin appeared in sig- 
nificant quantities in the blood for a period of about five hours after its instilla- 
tion in the abdomen. 

The author acknowledges gratefully the technical assistance of .Sergeant R. Paul. 
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THE i\£OLDED BONE GRxVPT 


Mx\jor Arthur J. B^vrsky, j\IediCx\.l Corps, Arjiy op the United StxVtes 


’T’HE use of bone as a conlour-restoring substance to replace losses of boiic 
A has in the past had two drawbacks. The first has lieen difficulty in carving 
the bone graft to shape; the second has been difficulty in finding a simple 
method of immobilizing the graft. It is the purpose of this paper to describe 
a type of bone graft, namely, the molded bone graft, which ovei’comes these 
drawbacks, and also to demonstrate that in selected cases this method is the 
one of .choice. 


At the outset, I .should like to make it clear that it is not my contention 
that the molded bone graft is suitable for any loss of bone. It must be used 
yith caution in the region of the frontal simis because of the possibility of 
infection via a patent frontonasal duet. I have not utilized this type of graft 
for losses of both the inner and outer table of the calvarium, but I can see no 
objection to its use in such cases provided tantalum foil is applied over the 
dura, and provided also that the through-and-tli rough loss is not too great. 
The molded bone graft is not advocated for use in the nose, for here any 
minute irregularity would be too obvious. It is, further, not recommended for 
fmvetional restoration of the mandible, where stress or strain will be placed 
upon the graft. 

Although use of the molded bone graft is not intended to displace use of 
the tantalum plate in extensive defects, in small or moderate-sized defects the 
Use of the molded bone graft is certainly simpler, easier, and quicker than the 
use of a tantalum plate, which requires tedious fitting. Furthermore, one is 
uot troubled by the presence of serum, which frequently accumulates behind 
the plate. An additional advantage of the molded bone graft over tantalum is 
the fact that eventually the blood circulation grows up through the graft into 
the overlying skin, and the skin itself is, therefore, much more durable and 
ess liable to break down than is skin over a tantalum plate. 


In short, the molded bone graft is advocated only as a contour restoration, 
t is admirably suited to building up defects about the forehead, the frontal 
u^’ea, the glabellar region, the supraorbital and infraorbital ridges, the malar 
uue, the zygomatic arch, and the chin. 

To date, fifteen grafts have been done by this method, and Avhile in the 
earlier eases the cosmetic effect was not entirely satisfactory, in the later cases 
I 's teeluiical defect has been surmounted. In none of the cases has theie 
been infection or any other eomjilieation. The number of cases, the absence of 
complications, the facility with which the procedure may be carried out, the 
simplicity of the technique, and the highly satisfactory cosmetic results, all 
“idicate in my opinion that the molded bone graft, in selected cases, i-s far 
superior to the ordinary bone graft, the cartilage graft, or the derma graft. 

The superiority of the molded bone graft to the ordinary bone graft as a 
ooutour-restoring mibstanee has already been indicated. In ^ 

'«oWed bone graft to costal cartilage as replacement for lione loss, one nee 
!!!!!% out the shortcomings of the latter material. Cartilage it.se 
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difficult to carve. The diced cartilage graft circumvents this disadvantage, 
but does not produce so solid a result as does the molded bone graft. Ordinary 
costal cartilage grafts have a tendency to curl and warp, and although several 
methods have been described whereby this disadvantage may be controlled, the 
methods are not always successful. It is no more difficult to obtain the bone 
graft than it is to obtain costal cartilage, and, furthei’inore, after the bone 
graft has been removed, the patient docs not have nearly as much pain in the 
donor site as when cartilage has been taken from the chest. The derma graft 
is subject to infection, does not produce as solid a result as bone, and tends 
to shrink. 

In the final analysis, loss of bone is best replaced by bone, for to replace 
bone by cartilage or derma is certainlj' no improvement upon nature. 



Fig. 1. Fig. 2. Fig. 3. 

Fig. 1. — Simple plaster study model ; tins shows a depression ot the glaboliar region. 

Fig. 2. — ^The plaster cast uith the contour restored. Heavy wax is used for the purpose: 
the ■wax is stiff enough to resist molding. 

Fig. 3. — The plaster cast witli the mold or splint completed. 


PL.VNXIXG THE OPERATION 

The operative procedure must be painstakingly planned. Ilercin lies the 
difference iietween a highly satisfaetoxy result and a mediocre one. The loss of 
contour .should be thoroughly studied. Roentgenograms should ahvays be taken, 
and the patient viewed from all angles. In losses of the foi'chead, the malar 
region, the glabella, or the supi’aoi’bital and infraoibital i-idges, if the patient is 
placed prone upon the table and viewed from above and in back, the loss will 
become moi'e evident, especially when the defective side is compared with the 
normal side. Palpation to detennine the shape of the base of the defect should 
be carefully canfed out. 

If there is a histoxy of osteomyelitis, the x’epair should not be undertaken 
until at hast three months after the condition has been thoroughly and eom- 
pletely healed. Healing should be checked preoperatively by x-ray examina- 
tion. The three-month intex’val is permissible in the event that penicillin is 
available. If it is not, at least six months should elapse. If this type of bone 
graft is attempted as early as three months after the cessation of bone drain- 
age, a course of penicillin should be given prior to operation and thereafter as 
well. It may seem superfluous to point out that no attempt should be made to 
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insei’t a bone graft tlirougli a slciu covering that is badly scarred or unstable, 
for to do so will certainly endanger the result. 

A plaster study model sliould be prepared, and this should include not 
only the area of defect but the normal side as well, and as much of the face 
as possible (see Mg. 1). The restoration should be built up on this plaster east 
in hard wax or in plaster (sec Fig. 2). Plasticine, although it is more readily 
molded than are these other materials, is not suitable because of its soft con- 
sistency, for it will be necessary to form a metal splint over the restoration. 
The east and restoration should be viewed from many angles, to make certain 
of the proper contour. The wax pattern may be tried on the patient. 

Sheet lead approximately one thirty-second of an inch in thickness is used 
to form the mold or splint. A piece of the proper size is trimmed to approxi- 
mate shape. The mold should extend well be3mnd the restored area, its periph- 


Fig. 4. 





• sf ' 




Fig. 5. 
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Fig. G. '• 

Fig 4 — Dc|>ri'-=scd fracture of the gl.abcllar region and root of tlie no«e. tlic rc.-ull of .an 
airplane ciash Inci-'iun made throuph left eyebrow. 

Fig .S — A Uiioc-qu.artcr \iew of tlic same patient. _ 

Fig 6 — Pour niontlis postopei.itlNO. 

Pig 7 —Three-quarter view, four niontlis postoperative. 
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small, sliarp 1)one saw will be sufficient to prepare the surface of the bone and 
to produce bleeding. 

When the recipient area has been properly prepared and all bleeding con- 
trolled, it should be packed witli moist gauze and firm pressure applied Avhile 
the bone graft is being obtained. 

Obtaining the Bone Graft . — The crest of the ileum is an ideal source for 
the bone. An incision is made over the crest, l)cginning at tlie anterior-superior 
spine of tlie ileum and extending backward along the crest for a distance of 
about three or four inches. The incision is carried down through the perios- 
teum, which is reflected Avith a sharp separator. 

Using a sharp chisel, a number of thin shaAings of dense bone are taken 
off the crest. The shaA’ings should be at least as long as the greatest dimension 
of the Avax pattern and should be no more than 2 or 3 mm. in thickness. When 
the spongy i)one has been exposed, it may be I’emoved Avith a chisel or sharp 
curette. iMy OAvn preference is for a chisel. 

All this material, both dense shavings and cancellous bone, is carefully 
Avrapped in moist gauze and set aside. The bone grafts should not be left 
exposed to the air but should be kept in a covered receptacle and ahvays in 
some definite place so that there is no chance of the graft being lost through 
carelessness. 

When sufficient material has been obtained, the donor ai’ca is closed in 
the usual manner by the assi.stant, AA'liile the surgeon proceeds Avith the in- 
sertion of the bone graft. 

Inserting the Bone Graft. — Hemostasis should be complete before the graft 
is inserted in the recipient area. The cancellous bone is cut into small pieces 
Avith a bone-exxtting forceps or a heaA-y pair of scissors. These pieces should 
be a feAv millimeters in size. They need not be regular, but it is important 
that thej’- be small. A large curette makes a convenient instrument to use as a 
spoon to ladle the spongy grafts into place. The precise amount of cancellous 
bone to be used requires some experience in gauging. As a general rule, if one 
is uncertain as to just hoAv much bone should be inseided, it is better to use a 
little too much and then press out the excess by applying the lead mold gently 
before suturing the skin. 

When sufficient cancellous bone has been deposited, one is ready to use 
the thin shavings of bone. These should be inserted over the cancellous gi’afts, 
immediately beneath the surface of the .skin, so that they Avill conceal any 
slight irregularities that might result if the small pieces Avere left in direct 
contact Avith the skin. It Avill be necessary to trim these shavings to the proper 
size and shape, and this can easily be done Avith a heavy pair of scissors or a 
bone cutter. 

The recipient area is then I'eady to be closed and for skin sutures Avhat- 
ever material one prefers may be used. 

The molded splint is applied after closure is complete. Experience has 
shoAAUi that a thin la 3 'er of stent, or dental modeling compound, placed beneath 
the lead plate acts as a cushion and Avill prevent the metal from cutting into 
the skin at the edges. ^Moreover, the skin seems to tolerate the stent better 
than it does the naked metal. The stent is sterilized by boiling for at least 
tAventy minutes. It i.s rolled out into a thin sheet, using the piston of a 30 c.c. 
glass hypodermic syringe on the softened stent, in much the same fashion as a 
houscAAdfe uses a rolling pin to roll out a mass of dough. The sheet of stent 
shoAild be no more than a fexv millimeters in thickness. When the thin sheet 
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has been obtained, it is placed on the undersurface of the metal splint, trimmed 
to shape, and applied to the operative area u-hile the stent is still soft but not 
hot enough to damage the skin. Before applying pressure bandage over the 
splint, it is ■well to make a final inspection of the operative area to be certain 
that it has been molded properly. 

The pressure bandage should be carefully and evenly applied, but must 
,uot be tight enough to damage the skin. In suitable areas, bias-cut muslin 
bandage is excellent. Elastic adhesive tape is another good material for a 
pressure bandage. 

POSTOPF.RATI\T!: CARE 

The mold should remain in place for approximately four or five days. If 
suture marlvs are feared, sutures ma}* be removed earlier and the mold replaced. 
In average eases, immobilization for from seven to ten days appears to be quite 
sufficient. In some instances, five or six days have been adequate. Areas like 
the chin, where there is considerable movement of the soft tissues, should be 
immobilized for a longer period (an additional week or so). 

No postoperative complications have occurred in mj’- series of cases. The 
earliest graft rvas done in 1942, and there has been no change in contour. The 
graft consolidates well, and after a period of about one month is firmly united 
m place. But no immobilization is required beyond the brief period outlined. 
I have had occasion in one case to excise the scar three months after the bone 
graft had been inserted. At the same time I smoothed down a slight fullness 
of contour. The bone bled freely and was certainly viable. 


SUJIMARV AND CONCLUSIONS 

_ A new and simplified technique for bone grafting has been described. The 
indications for its use and the limitations have been pointed out. This type of 
graft is advocated as a contour restoration and not for functional purposes. 
This bone graft utilizes many minute pieces of cancellous bone covered with thin 
shavings of cortical bone, which ai'e pressed into shape and immobilized by a 
mold which is prepared before opei’ation. The simplicity of the procedure and 
the higlily satisfactory cosmetic results obtained indicate that this type of graft 
has a definite and useful place in the armamentarium of the plastic surgeon. 
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NYLON BONE SUTURE 


j\I. John Ro^^'E, M.D., Long BivVch, Calif. 

r 

(From the Tichcnor Orthopedic Clinic) 

A SUTURE for bone is often needed wiicn rigid fixation is impossible or 
undesirable. Sueli a suture must be strong, somewhat elastic, and not 
absorbable since osseous structures are slow in healing. Fascial or tendon 
sutures have been used successfully although the technique of introduction is, 
at times, difficult and an additional incision for tlic donor material is requh'cd. 

Nylon is a strong, inert, semielastic nonorganie, radiolucent suture ma- 
tei'ial wliicb is well tolerated, botli for cutaneous and buried sutures. AYhen 
left in position it seems to offer advantage in certain instances over other 
luiown suture material, including wire. Nylon bone suture has been found to 
be very satisfactorj' for several different applications. 

Many methods have been recommended for the treatment of acromio- 
clavicular separations, itlumford' has advised resection of tlie end of the 
clavicle for cosmetic improvement and this procedure, associated with repair 
of the coraeoclavieular ligament, has proved very simple and satisfactoiy. 
Through the small incision necessary to resect the clavicle a ligature carrier is 
passed aroimd the coracoid process and four strands of lieavy nylon are tlien 
passed from the ela^'icle aliout the coracoid. Function can be instituted almost 
immediately, thus preventing the secondary limitation of shoulder motion which 
often follows surgical procedures about the shoulder. 

The treatment of hallux valgus and bunions is often difficult and, as 
pointed out by Lapidus,^ a primaiy cause of recurring deformit}* is often per- 
sistent metatai*sus primus varus. A satisfactory treatment for tlie bunion 
itself is a IMajm bunioneetomy with arthroplasty. If tlie varus of the first 
metatarsal is then corrected, very little evident shortening of the extremity 
appears. The passage of a doubled nylon suture about the second and first 
metatarsals to maintain approximation at the distal end affords a rapid simple 
method of overcoming the varus and allowing early functional exercises in the 
postoperative period. 

Heavy nylon sutures are efficient and well tolerated in the repair of frac- 
tured patellae. This is partieulaidy true of the technique in which the distal 
comminuted fragments are excised and the patellar tendon is sutured to the 
proximal patellar fragment after repair of the lateral capsular tears. Care 
must be used to bury the Imot in the tendon substance to prevent later palpable 
nodules in the thin subcutaneous tissue oveidying the patella. ^Yith this tech- 
nique, active exercise is begun three weeks after operation since the tendon 
heals in this time and no additional delay is neeessaiy for bone healing. 

At times, it is desirable to maintain multiple fragments of cancellous bone 
in position from the time of conclusion of the operation to the time of com- 
pletion of the east. It may insure better position of the foot to insert intertarsal 
sutures in the common simple triple arthrodesis to maintain position until 
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application of the cast and it is often liclpful to use such intertarsal sutures 
in major reconstruction of the fool to maintain the desired position until ex- 
ternal fixation is applied. 

Long bone fractures may be held in approximation by heavy nylon suture 
if plate or other internal fixation docs not seem indicated. This is true in the 
occasional forearm fracture of children, wliich requires open reduction to allow 
perfect function. Also in comminuted fractures of the femur or humerus in 
adults when the large central fragment cannot be maintained satisfactorily, 
particularly in compounds, a single nylon suture at either end of the fragment 
will maintain apposition until traction or cast is applied. 



1 



Els. 


dislocation, chionic. X-ray pictures "'^re taken berow ^ after 
resection of tiie end of the clavicle and nylon bone suture, clavicle to coracoia. 


If nylon is used, it must be fresh, strong, and resilient. Some preparations 
ioeome brittle with age and are unsatisfactory. Sealed ampules, wliich are 
at the time of surgery, have been found most satisfactory for tliis wor ■- 



Fig. 2.~Hallux valgus with metatarsus primus varus, bilateial. X-ray pictures 
taken before and after operative correction by Mayo bunionectomy and orthroplasty. tfosi- 
tion of the left first metatarsal was maintained by nylon bone suture about the first ana 
second metatarsals. The right first metatarsal -nithout suture presents some persistent varus 
deformit>. 
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fig 3 — Diagrammatic representation of Intcitarsal suture following P 


arthrodesis 
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^o\on months 

Pig -1 — Compound fracture /fprideni'en't°«'lt^> ”^''"1 '’aoplicd^'^l'l^’’ " "’J* 

v-rax pictures were taUen before and after eVcleial splint was pone apiisoxl- 

ipposition of middle loose fragment. It>‘®f"“’Tater applied ivlth contlnucu 
^■itKfactor> and Hodgen su‘?pen‘?ion traction v>ixs 
nation during and after dcH\erj. 
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SUMMARY 

Bone svitnres of strong resilient nylon are praetical and desirable in certain 
instances. Techniques of repair of acromioclavicular separations, metatarsus 
primus varus, fractured patellae, intertarsal sutures following reconstruction 
operation, and maintenance of position of loose compound long bone fragments 
have been presented. 
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HERNIATION OF NUCLEUS PULPOSUS; REFINEMENT IN 
OPERATIVE TECHNIQUE 

Major Robert C. L. Robertson and Captain ^YILLIAM 0, Peaciier 
IMedical Corp.s, Army of the United States 

INTRODUCTION 

W E HAVE recently called attention to certain technical considerations in 
the surgical management of lumbar herniated nucleus pulposus that we 
feel have done much to mmimize numerous postoperative residuals.- Tlie evolu- 
tion of treatment for this condition has been directed mainly toward simplifica- 
tion of the operative technique. Originally, laminectomy with transdural re- 
moval of the disc was employed. Later, hemilaminectomy, then partial hemilami- 
nectomy, Avas performed Avith an extradural approach to the interspace. Ad- 
vancement continued so that many nuerosurgeons nmv prefer a unilateral, in- 
terlaminar, extradural exploration,^ Avithout removal of bone and Avith curettage 
of the disc space. Section of the sensory root to control postoperative pain is 
no longer practiced. 

Some observers have stressed the importance of hypertrophy of the liga- 
mentum flaAOim in production of nerve root pressure Avith or Avithout an 
associated disc. This has been contrary to our experience as Avill be indicated. 

Although the importance of an unstable joint in the production of symp- 
toms has been recognized, fusions have rarely been performed on our service 
because they necessitate prolonged additional hospitalization. This plan has 
not materially altered our end results. Only 5 cases in 261 (1.9 per cent) have, 
to our knoAvledge, required fusion, either at the time of disc removal or at a 
later date. 

A number of our patients have continued to complain postop eratively of 
severe low back pain Avith sciatic radiation Avhich aa^c could not entirely explain 
on the basis of incomplete removal, recurrent or multiple discs, unstable joints, 
irreversible changes in the nerve root due to previous pressure or operative 
trauma, or associated pathology, such as tumor, arachnoiditis, etc. Twelve of 
this group, ten of AAdiom Avere from our earlier series, Avere re-explored in an 
effort to explain the continued symptomatology at varying interAmls from one 
to thirteen months, folloAving the primary operation. All showed dense adhesions 
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extending from tlie paraspinal muscles and margins of the previous!}' resected 
ligamentum flavum to the dura and adjacent nerve root with definite con- 
striction of the latter. Four also showed a second disc wliich contributed to the 
residual discomfort, but tliree were on the opposite side of scar formation. In 
tliese men thei’e had been bilateral sciatica. One case showed a true recurrence. 
Our present operative technique has been directed toward the prevention of the 
postoperative reaction described. Tliis lias been accomplished satisfactorily 
by the following method. 

TECHNIQUE 

The operation has been performed in all cases with the patient placed in the 
prone position. A small midline incision is made extending between the spinous 
process at the site of the lesion and the one immediately below. A unilateral ex- 
posure of the ligamentum flavum in the affected interspace and the lamina above 
and below this level is then accomplished. Bilateral exploration is used only if 
the sj'mptoms, signs, and spinogram indicate its necessity. Gauze sponges may 
be packed in the superior and infei'ior angles of the wound. This controls muscle 
bleeding and facilitates exposure. The table is then broken to flex the joints of 
the spine and further simplif}' the approach. Verj' rarely is it necessary to 
sacrifice any bone from the laminar margins. Sufficient bone may, in such 
instances, be removed nath a curette or Kerrison mastoid punch. 

The usual technique at this point has been altered to insure preservation 
of the ligamentum flavum. This is done by incising, carefully, through the liga- 
nientum along its line of fusion vdth the interspinous ligament close to the mid- 
line. Then with a No. 2 curette, it is gradually dissected free from the adjacent 
superior and inferior laminar margins. The lateral attachment is preserved 
(Pigs. 16 and 2c). For illustrative purposes, the nerve root is shown displaced 
laterally by the disc, whereas actually, medial dislocation is more commonly 
seen. The ligamentum flavum has thus been preserved and is retracted during 
the operation, preferably by a silk suture attaching it to the adjacent paraspinal 
muscles. 


The dui’a and nei've I'oot are then carefully retracted medially. If the nerve 
root is displaced laterally by the lesion it can usually be moved over the herniated 
nucleus pulposus to a medial position. Barely is it necessary to attack the lesion 
through the angle formed by the nerve root and dura, an inconvenient and some- 
vdiat dangerous operative tract. Small squares of cottonoid may then be placed 
in the interval between the diua and lateral Avail of the canal to control bleeding 
and assist the medial displacement of dura and nerve root. (Each square of oot- 
tonoid has a silk suture attached to prevent retention in the spinal canal.) 

Eupture of the intervertebral disc is often seen AAutli free extradural ex- 
trusions. In such cases, the fragments can be remoA'ed AA’ith the forceps or any 
suitable instrument. Occasionally (Pig. la), it is necessary to incise the annulus 
fibrosus and posterior longitudinal ligament. The contents of the disc arc then 
removed by means of the pituitaiy I’ongeur (Pig. 2(f). The disc .space is thor- 
oughly but cautiously curetted. The ligamentum flavum is then easily repiaecd 
(Pig. 2c) at the conclusion of the intraspinal iiortion of the procedure aftci the 
patient has been extended to the horizontal position. A .suture ma} laiel} he 


necessary to restore complete anatomic continuity. 

The alternate method previously dc.scribed is now being reserveil onlj 
tho.se cases in AA'hich the ligament cannot be ])rc.scrved for tcehnical leasons 
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secondaiy procedures on patients operated on elsewlicre in which the ligament 
had been sacrificed. In this procedure, the ligament is completely removed. 
Routine disc removal is aecomplished as previouslj^ described. After hemostasis 
is secured, a small section of tantalum foil is fashioned slightly larger than the 
exposed interspace. It is then inserted beneath the interlaminar margins into 
the area previous^ occupied by the ligament. A small dental periosteal elevator 
will do much to facilitate this part of the procedure. 

Preserving the ligamentum flavum appears to be the more physiologic 
method as further demonstrated by re-exploration in two men in whom each 
alternate procedure had been performed. 




Fig. 1 . — Uj Protrusion of nucleus pulposus causing nerve root pressure. 1), Retraction of liga- 
mentum flavum laterally. 

In one case tantalum foil had been used and scar tissue Avas found betAveen 
the muscles, duz’a, and nerz-e root. The foil Avas found superficial to the laminae 
rather than betAveen the dura and bone as is necessary to prevent the formation 
of adhesions a1)out the nerve root. 

Lumbar 4 and 5 interspaces Avei’e explored in another case and onlj' the 
lumbosacral disc Avas curetted. The higher disc Avas judged to be borderline so 
it AA'as spared, in spite of a small lesion eA’ident on pantopaque myelogram. Tlie 
ligamentum flaA’um Avas preseiwed in both interspaces. The patient received no 
relief, so that six Aveeks later Lumbar 4 disc Avas found to present a midline 
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protrusion and was curetted. The liganientum flavum was reflected from both 
interlaminar spaces previously explored. The incised borders of the ligamentum 
flamm in both instanees had reunited solidly with tlie laminar margins and the 
interspinous ligament medially and required I’emoval in the same manner as 
originally. The underlying dura and epidural fat were normally smooth and 
glistening. Tiiere were some adhesions about tlie nerve root in the lower interspace 
wliere tlie disc had been removed at first operation. Tliese were found between 
the nerve root, dura, and epidural tissues in the anterolateral angle of the spinal 

t 

J 



Pis:. 2. — c, Reti action of nerte root medially showing: subjacent disc herniation, d. 
nioval of disc fragrments with a pituitary longeui. e, Iteplacemcnt of ligamentum navum 
following disc removal. 


canal. The nerve root in the upper inlerepace was fi'ce of any recognizable 
adhesions although Lumhar 4 disc had been exploi’cd but not curetted at former 
operation. Preserving the ligamentum flavum thus ])rcventcd the formation of 
scar tissue between the contents of the spinal canal and the paraspina! muscl&s. 
It cannot be expected to modify adhesions between the nerve root and adjacent 
structures within the canal. Adequate hemostasis, careful liandling, and atrau- 
niatic retraction of tiie nerve root during operation .sliould reduce the incidence 
of this tj^ie of reaction. 
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RESULTS 

From June 8, 1942, until May 1, 1&45, we operated upon 261 patients for 
herniated nucleus pulposus. Pantopaque myelography Avas used in all cases to 
confinn the diagnosis and a lesion Avas verified in 257, of these patients, 84.2 
per cent have retuimed to a useful form of militarj^ duty, usually tAvo to three 
months folloAving operation. 

There Avere seventy-three cases prior to our change in operative technique 
in July, 1943, and 76 per cent of the men in this group returned to diit}^ Since 
this time there have been 188 cases and 97.8 per cent of these men have been 
discharged to limited or general military duty. The ligamentum flavum Avas 
preserved in 151 and tantalum foil substituted for it in 37 prior to our restriction 
in technique to the former method. 

We do not claim that this technique solves the disc proWem, but certainly 
since its introduction the patients have made better progress, although it is 
appreciated that to date aa'c have had no opportunitj- to folloAV our cases over long 
periods of time for obvious reasons. 


SUMMARY 

We have described a variation in the present operative technique for 
herniated nucleus pulposus Avliich has giA-en fcAver postoperative sequelae and 
improA'ed results in our experience. This consists of preservation of the liga- 
mentum flavum Avith replacement at the conclusion of the procedure. Our pur- 
pose has been to prevent the formation of adhesions extending from the para- 
spinal muscles and resected ligamentary edges to the dura and adjoining nen-e 
root, Avhieh through traction on tlicse structures Avhen the spine undei'goes move- 
ment not infrequently produces pain as a residual of operations for removal 
of herniation of the nucleus pulposus. 
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CHYLANGIOMA CAVERNOSUM MESENTERII 
Report op a Case and Rea'ieav op the Literature 
Joseph M. Lubitz, M.D,,* and Robert W. Flynn, M.D.,t Chicago, III. 

(From- the U. S. Marine Rospital) 

T umors of the lymph vessels belong to the rarest of neoplasms. Clinieally, 
Avhen they occur they are usually associated Avith a distinct entity, as, for 
instance, macroglossia, macrocheilia, lymphangioma cysticum of the neck, or 
hygroma cysticum colli. 

Lymphatic tumors maj'^ occur in the rich lymphatic supply of the mesentery 
Avhere they are knoAvn as mesenteric Ijunphangiomas. These are classified into 
the same groups as are lymphangiomas in general : 
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1. Lj-mpliangloma simplex, which is a single network of dilated lymph 
vessels and spaces. 

2. Lymphangioma cystoides, Avhich consists of mnltipie isolated cysts 
which have lost their connection with the lymphatics. 

8. Lymphangioma cavernosum, which consists of numerous communi- 
cating cavities which are separated by thin septa. 

In the mesentery, lymphangioma cavernosum is the least common of the 
lymphatic tumors. Nevertheless, it exhibits a distinctive pathologic picture. In 
1875, IVeiehselbaum^ described such a case and because of its origin and inten- 
sive involvement of the lacteals he termed it a chylangioma cavernosum. Since 
then four additional cases have been described. The foUoTOng is a ease report 
of the sixth known case. 



Dig. 1, Gross specimen. The cystic tumor involves the entire vridth of the mesentery and 

projects into the lumen of the bowel. 

CASE REPORT 

Clinical Eistory . — A 20-year-oltl white man had a sore throat for several days. Two 
days prior to admission to the hospital he noted abdominal pain in the region of the urn- 
bilieus. Later he had diarrhea, nausea, and vomiting. In the afternoon preceding admission 
fbe pain subsided somewhat but localized in the right lower quadrant of the abdomen. 

On examination the patient appealed acutely ill. The abdomen was moderately dis- 
tended and tender with rigidity over McBiirney’s point. The temperature was 29.5° C., 
’■espiration 22, pulse 100. The urine showed 1 plus albumin. The white blood count was 
35,000 with 95 per cent polymorphonuclear cells of which 19 per cent were stab cell---. At 
uporafion some brownish-red fluid was present within the abdominal cavity and tiic peritoneal 
surfaces were brownish red in color. About two feet proximal to the ileocecal \al\e a ma^-. 
"as found in the nie^entory of the ileum. After the surrounding adhovions were rcnio\i'<i it 
"as found that the portion of the bowel proximal to the ma's was dilated and the di-tal 
portion collapsed. The mass had encroached upon and completely compro='ed the lumen of 
about one attd one-half feet of bowel. After resection of the loop of bowel and affarhed 
mesentery with the tumor, a side-to-side anastomosis was performed and an ileo'tomy tube 
inserted. Sulfanilamide powder was dusted into the abdominal cavity. In sju'tc of i-upporliiv 
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treatment the patient developed jaundice and two days subsequent to surgerj' died of ileus 
and peritonitis. 

Paihologio Beport . — On gross examination (Fig. 1) the specimen was found to consist 
of a loop of bowel measuring 45 cm. and the entire attached mesentery. Spreading in a 
fan-shaped fashion, with tlie angle toward tlie root of the mesentery, there was a large 
tumor, measuring 12 by 10 cm. between tlie leaves of the indurated mesentery. Bulging over 
the surface, numerous oval and round-shaped, bluish and brownish cysts projected. These 
were smaller near the radix mesenterii but within the fatty tissues the Ijunph nodes were en- 
larged. The entire serosa was covered with fibrin, and was dull, u-ith areas of focal hemor- 
rhage. As the lumen of the bowel was opened it was found to be partially filled with a soft 
fecal material and mucus. A cluster of small clear cysts, the largest of which measured 8 
mm. in circumference, projected from the mucosa into the lumen over an area of about 4 cm. 
^Yhen these cysts were sectioned, it was found that they were multiiile, intercommunicating, 
varying in size from several millimeters up to 3 cm., containing either a milky or a curdlike 
fluid, clotted blood, or a mixture of these. Smears taken from the contents of the cysts 
showed streptococci, pus cells, and red cells. 



Pigr. 2. — ^Microscopic specimen, section through mucosa. Numerous, irregularly shaped inter- 
communicating spaces, filled with chyle, comprise the tumor. 

hEcroscopically (Fig. 2) the lacteals of the villi showed varj-ing degrees of dilatation 
forming rounded and irregular cystic spaces. These were separated by thin septa, were 
lined with a flattened single layered epithelium, and contained a precipitated pinkish material. 
In the submucosa these spaces were enlarged and were anastomosing. Similarly, some of these 
spaces could also be found within the muscularis and serosa. The larger spaces were, for 
the most part, filled tvith hemolyzed blood or collections of polymorphonuclear cells. The 
stroma in the mesentery was comprised entirely of fatty tissue and connective tissue in which 
an occasional histiocyte, polymorphonuclear cell, or collections of lymphocytes were seen. 
A germinal follicle within the submucosa showed numerous small spaces and slits between 
the lymphocytes. Sections from the root of the mesenterj- merely showed occasional dilated 
lymph channels and considerable collections of polymorphonuclear cells. 

At autopsy, not much was added to the known facts. In the vicinity of the surgical 
procedure there was a localized peritonitis. Remnants of sulfanilamide powder were still 
present within the abdominal cavity. The loops of bowel proximal to the surgical site were 
markedly distended and filled with a fluid fecal material. The distal portion was collapsed. 
The surgical anastomosis was intact and the ileostomy stoma was adequate. The diaphragm 
on both aides was elevated causing basilar atelectasis of the lungs. In addition, the lungs 
were congested and edematous. The liver was considerably enlarged and showed extreme 
parenchymatous degeneration. The spleen and kidneys showed changes associated with an 
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acute iiiflaumuitory process. Except for tlie lyinpliatic hyperplasia of the Peyer's patches, 
the gastrointestinal tract was essentially normal. Microscopic examination of the tissues 
revealed nothing of significance. 


REVIEW OF PREVIOUSLY REPORTED CASES 


Five strikingly similar cases have been previously described. These are 
listed briefly here and it will be seen how closely tliey resemble each other. 


1. Case of Wcichsclhaum.'i — ^As an incidental finding in the autopsy of an SO-year-old 
man who died of pneumonia and scurvy, a 3 to 4 cm. sized tumor was found in the fatty 
portion of tlie mesentery. This tumor consisted of numerous anastomosing cavities of varying 
size which contained a milky fluid. The smaller spaces were lined by a flat endothelium. 
Connective tissue was abundant. In the fatty tissue, collections of round cells could be seen 
between which spaces were formed resembling fine lymph channels. These communicated 
with the larger cavities. Because, clicmieally, the milky fluid proved to be chyle, this tmnor 
was called a chylangioma. 

2. Case of Kmse.- — Also as an incidental iinding at tlie autopsy of a 75-year-old man, 
multiple small b'mphangiomas were found in the wall of the jejunum. Grossly and micro- 
scopically, these resembled the previously described case. 

3. Case of Vaidrin .^ — A 30-year-old woman, suffering from rheumatic fever, noted a 
tumor mass in the abdomen which had been gradually enlarging over a period of one year. 
Shortly before admission she complained of diarrhea and coliclike pains. At laparotomy a 
tumor was found to be located in the mesentery of the jejunum, adherent to the surrounding 
loops of bowel, measuring G to 7 cm. in size, fan-shaped, with the angle toward the spinal 
column. Fifty centimeters of bowel were resected witli the tumor. Grossly it consisted 
largely of fatty tissue with numerous anastomosing cavities. Many multilocular cysts also 
bulged into the lumen of the bowel so that the wall of the bowel as well as the mesentery 
was involved. 


4. Case of Ta'kam.o aivd Uaiiser.i — ^A 22-year-old pregnant woman presented herself with 
a mass in the right side of the abdomen of one year’s duration. She had no complaints 
other than of a stomach-ache of four days’ duration. At laparotomy the tumor was found 
to be the size of a man ’s head, located within the mesentery of tlie small intestine. Grossly 
the tumor measured 14i^ cm. and the loop of bowel removed, 35 cm. The entire mesentery 
was occupied by the tumor. Numerous cavities containing a milky fluid in a network of con- 
nective and fatty tissue made up the tumor. The mucosa of the bowel was swollen and 
numerous cysts bulged into the lumen. Microscopically, the cavities were lined with flat- 
tened endothelium and communicated with each other, hluscle fibers could also be found 
within the connective tissue. Within the mucosa the lymph spaces were enormously dilated. 
The lymph nodes within the mesentery showed spaces ivliicli connected with the larger dilated 
cavities. 


5. Case of Puppel and Morris.^— An anemic 55-year-old woman complained of weakness 
and bloody stools. At laparotomy a mass was found in a loop of .jejunum. Grossly the 
tumor measured 6 cm. and the jejunum removed measured 25 cm. Within the mucosa, a 
large fungating mass made up of numerous small nodules was found to project cm. abevc 
the wall The serosal surf.a^ees showed numerous similar nodulc.s. Microscopic.'illy, these 

1 ® lined with endothelium. Tiioy contained piakish- 

u es Mere comprised o cys ic .sp. epithelial cells lining the mucos,-!. 
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tliey may contain blood, either because the tumor may include blood vessels or 
because the tiimor may rupture those blood vessels already present. In case 
of infection, as in our case, blood and pus may fill the lumen of some of the 
cysts. At surgery, resection of the tumor and the adjacent loop of bowel is 
usually perfomed. 

PATHOGENESIS 

Lymphangiomas may occur as a result of two causes, obstructive or neo- 
plastic. Obstruction may cause a congestive ectasia. Although on first con- 
sideration it would seem that most angiomas are on this basis, apparently it is 
an uncommon cause, hlost of these tumors are apparently neoplastic. Two 
sources exist from which the tumor may arise. In the rarer form, homoplastic 
neoplasia, proliferations of lymphendothelium occurs forming spaces which com- 
municate with the pre-existing lymph vessels. The more common foi’m, hetero- 
plastic neoplasia, develops from a connective tissue matrix. 'Weichselbaum^ and 
Takano and Hausei',^ after considering all the possibilities, judged their tumom 
to be of this latter type. Thej"^ Iielieved that within tlie fatty tissue around the 
blood vessels, islands of lymphocytic infiltrations occur. Betw'cen these cells 
spaces develop which communicate with pre-existing and newly formed lym- 
phatics. Subsequentlj", the round-cell infiltrations are converted and build the 
fibrous portion of the tumor. 

DISCUSSION 

Chylangioma cavernosum mesenterii is a lienign tumor which occurs in the 
mesenterj’- of the small bowel. Depending upon size and position, symptoms of 
a tumor or bowel obstruction may present themselves. Erosion and bleeding are 
other possible complications. In the cases of Vautrin® and of Takano and 
Hauser,^ a tumor mass "was evident clinically and sjouptoms of chronic bowel 
obstruction occurred. In the case of Puppel and Morris, “ the anemia, due to 
the bleeding into the lumen of the bowel from the tumor, was the cause of 
clinical symptoms. In our case a superimposed infection, presumably follow- 
ing a sore throat, was the cause of initiation of symptoms. The secondaiy 
infection caused the increased size of the tumor which then caused the obstruc- 
tive ileus. Apparently then, clinical symptoms are absent unless either infection, 
obstruction, or hemorrhage occurs. 

Pathologicallj'', the case we are reporting is identical to those previously 
described. Except in the case of Weichselbaum,^ all of the tumors included 
the mucosa of the intestinal wall. Grossly and microscopically they are all 
similar. The origin of lymphangiomas is still obscure. It is impossible to add 
much to the previously mentioned concepts of the development of these tumors. 
Sections in our case were taken from the mesentery but the lymph node involve- 
ment mentioned by Weichselbaum^ and Takano and Hauser^ was not found, 
largely due to the extensive encroachment of the tumoi's upon these nodes. How- 
ever, the lymph follicle found within the submucosa showed the slits mentioned 
by these authors. In this case, it would seem that the Ij'mph follicles were 
secondarily involved and that the widening of the channels was part of the 
dilatation that occurred within all of the lymphatics. The exact derivation of 
this tumor is, therefore, still questionable. No obstruction was found at the 
root of the mesenteiy which might conceivably cause a congestive dilatation of 
the lymph vessels. The infection was too acute to be a causative mechanism. 

It was entirely secondary and superimposed on the pre-existing tumor. 
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SUMMARY 

1. Five eases of cliylangioma cavernosum inesenterii are reviewed and an 
additional case is presented. 

2. These are benign tumors occurring in the vicinity of the small bowel 
and originating from the Ijmiphatie tissue. 

3. Although often silent, they may cause symptoms of obstruction or 
hemorrhage, or be the site of secondary infection. 
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A METHOD OP EETAINING AN INTEAVENOUS NEEDLE IN SITU 
Edwin Sinaiko, M.D., Chicago, III. 

T oday intravenous tlierapy is a daily part of maiy surgical and medical 
treatments. It is featured in the treatment of shock, in the prevention of 
shock, and in the administration of many medications, elements of nutrition, 
and anesthetic agents. 

There are many techniques used in attempting to fix intravenous needles 
in situ. The difficulties met in keeping the needle in place are due to the varied 
topography and musculature of the arm or leg used, the various positions in 
which the member must be held, and the varying depths and directions of the 
veins themselves. Tlie needle should be held in the vein at the angle and in the 
direction conducive to fastest flow. 

The method described hero requires only adliesive tape as the ijnmobilizing 
agent. The operator may employ his usual needles and technique of vene- 
puncture, Though it is no panacea, it has been found to be simple, effective, and 
I’eliable in most instances. The technique is as follows : 

1. The needle is inserted into the vein in the operator’s usual manner and 
it is then held by the hub with the left hand (Fig. 1) at the angle and in the 
direction giving the greatest rate of flow as seen In- the drip apparatus. 

2. A piece of adhesive (Pig. 1), previously cut, two inches long and one 
inch wide is then applied at right angles to the shaft of the needle, one inch of 
the icngfh being on either side of the shaft and one-half of the width of the tape 
overlapiung the needle shaft, the remainder of the width applied to the adjacent 
skin as a light anchorage. 

3. With this anchorage in place and the needle still held by tlie thumb and 
forefinger of the left hand at its hub. a wider and longer strip of adhesive ap- 
proximately two by four inches is allowed to drai)c loosely (Fig. 2) over (he 
tubing adjacent to the huh. Tliis tape Is applied so (hat its lengtli is ])iseeted 


Rvoi'iveil for iniblication. Aupr. 10, IOIj. 
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by the tubing. The tape is then molded around the tubing and its adhesive 
surfaces between the tubing and skin are stuck firmlj’- together. The two free 
ends of the tape are then applied to the skin, each on its respective side, allowing 
them to take Avhatever direction they will to conform to the topography and con- 
tour of the arm. 

4. As a final touch and to add rigidity and firmness, layer upon laj^er 
(Pig. 3) of adhesive may be applied until the desired immobilization and 
stability are attained. The tubing distally may be secured to the arm by a 
single piece of adhesive in the usual manner. 

CONCLUSION 

1. A method of retaining an intravenous needle in its optimum position of 
function is described. 

2. This method is applicable to any techniciue of venepuncture and uses 
only adhesive tape in its performance. 

3. With this method the needle-tubing connection is not concealed and 
the two may he uncoupled and reconnected expediently and quickly. 



Book Reviews 


Arterial Hypertension. Its Diagnosis and Treatment. By Irvine H. Page, H.D., and 
Artliur Curtis Corcoran, ii.D., Cleveland Clinic Foundation. Fd. 1. Pp. 34.3. Chicago, 
1945, The Year Book Publishers, Inc. $3.75. 

The authors have succeeded in presenting a well-rounded review of a largo and im- 
portant subject. One of the commendable features of this book is the sound, common sense 
attitude expressed on the aspects of the problem which still remain controversial. The sec- 
tion on electrocardiography contains one error (p. 347, the standard leads) and is not very 
clear in its differentiation between the pattern of left ventricular strain and anterior 
myocardial infarction. The sections of the book on therapy are particularly worth while. 


Minor Surgery. By various authors, edited by Humphry Rolleston and Alan Moncrieff. Ed. 

1. Pp. 174, with 30 illustrations. New York, 1944, Philosophieal Library, Inc. .$5.00. 

This small book is in the nature of a handbook and guide for the general practitioner 
who does only minor surger}'. Procedures of greater moment are specificall 3 ' omitted and 
relegated to the surgeon. The book suffers from three faults, absence of enough good il- 
lustrations, inadequate references to the literature, and a somewhat spottj- choice of sub- 
jects for discussion. 

Despite these shortcomings of this volume, it contains a wealth of sound information 
in concise and readable form. Such items as management of lacerations, hand infections, 
greenstick fractures, sprains, etc., are well discussed. It is a welcome addition to the 
librarj' of the general practitioner. 


Vascular Responses in the Extremities of Man in Health and Disease. B^- Dawd I. Abram- 
son, M.D., The University of Chicago. Pp. 412, with 59 illustrations. Chicago, 1944, 
University of Chicago Press. $5.00. 

Abramson has compressed into 300 odd pages a wealth of information ranging from 
the elementary anatomic and phj’siologic characteristics of the vascular system of the tests 
of function available, and the alterations produced by the various disease entities to which 
the peripheral vascular tree is subject. This is a complete and scholarlj' presentation. It 
is well edited and inde.xed. The general practitioner, as well as the neuro- or vascular 
surgeon, can find in it either preciselj' what he wants to know, or references to the litera- 
ture where he can And what he seeks. Measures of therapj' of certain peripheral vascular 
conditions may also be found in this volume. 

This is a precise, readable, up-to-date, and almost complete review of the subject. 
It should be an essential part of the education of anyone interested in vascular disease.s. 


Textbook of Surgical Treatment Including Operative Surgery. B 3 - C. F. W. Illingworth, 
M.D., Ch.M., Regius Professor of Surgerj^, University of Glasgow. Ed. 2. Pp. 564, 
with 230 illustrations. Baltimore, 1944, Williams & Wilkins Companj-. 

This book endeavors to cover the field of surgical therapj' in 557 pages. Necessarilj', 
it is incomplete. Many subjects are mentioned onlj" to be dismissed in a few words. 

In general, the impression is left that oversimplification has been attempted. For 
instance, there is no word on the diagnosis of thrombophlebitis, and the treatment is very 
briefly outlined as continuous infusion of heparin by vein and immobilization of the ex- 
tremity. There is no mention of the precautions to be taken in heparin administration 
by this means, or of any alternative methods of therapy. Sjmpathetic nerve block and 
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proximal venous ligation arc not mentioned at all. Postoperative anuria is discussed as if 
the solo problem were that of evacuating the bladder; renal failure is left untouched. 

Throughout the book the inadequacy of preoperative study and diagnosis is glaringly 
apparent. Intestinal obstruction is referred to as an indication for exploration without 
mention of dilTerentintion by history, physical examination, or x-raj’s between colic and 
ileac obstruction. Eib resection is advised for empyema thoracis without mention of 
methods to assure drainage at the bottom of the cavit}'. 

All in all, the book impresses one as having been hurriedly prepared on the basis of 
narrow experience alone. Complete and np-to-date coverage of subjects is rarely found 
in it, and the subjects are presented in a manner too advanced for the beginner. The 
depth of study apparentl}' involved in the preparation of the book is perhaps best signified 
by one bit of statistics: 

Number of pages, 557 
Number of references cited, X) 


Endocrinology of Woman. By B. C. Hamblen, B.S., M.H., Springfield, 1945, Charles C 

Thomas, Publisher. 

The first section of this book is a brief summary of the normal physiologj' and anat- 
omy of all the endocrine glands. As such it adds little to the value of the book except 
possiblj' for teaching purposes. 

The remainder of the book concerns the applied physiology, diagnostic methods, and 
functional disorders of the endocrine glands. A final section deals with the endocrino- 
logical aspects of gynecologic disease. It is here that the author has clearly presented 
one of the best, if not the best, summaries, of gynecologic endocrinology. The problem of 
sterility, its diagnosis and treatment, is handled well and in sufBcient detail. 

In some instances controversial subjects have not been completely presented. Never- 
theless, they have been recognized and suitable references quoted. 

Both author and publisher should be commended for the pleasing format. Illustra- 
tions, line drawings, graphs, and tables are abundant and especially well done. 

This book can be recommended as an authoritative textbook for medical students and 
a reliable guide for the clinical practice of the endocrinologj’’ peculiar to women. 


The Woman Asks the Doctor. By Emil Novak, M.D. Baltimore, 1944, Williams & Wilkins 

Company. 

Those who were familiar with the first edition of this popular book will find the 
second edition generally similar but with many revisions wliich bring it up to date. Those 
who are not familiar with the work will find it to be a conservative, sound discussion of 
gynecology for lay women. 

The reviewer submitted the book to several women whose educational background 
Was approximately that of college le%'e]. Several had difficulty in understanding some of 
the discussion dealing with endocrinology, but aside from this they read the book with e.ase. 

This book can be recommended bj' physicians as an authoritative work for use by lay 
people and it should be of especial value during these busy d.ays when time does not always 
permit leisurely counseling of gynecologic problems. 


Emergency Surgery. By Hamilton Bailey, F.E.C.S. (England). Ed. 5. Pp. 5G5, with 
1039 illustrations. Biiltimore, 1944, Williams & Wilkins Company. .$18.00. 

This is an ambitious book, one which uiidcrtakc.s to discuss emergency situations from 
acute mastoiditis to pulmonary embolus, to compound fracfuro.s, to ruptured tuhal pregnancie.".. 
With such a breadth of coverages ns this, the adequacy of mo.«t of the .sections is aronzing; 
but uufortunatclv, in the incomplete revisions which have occurred, many portions Imve 
become -sadly out of date or provincial. Collcclion of blood from donors by the old open 
method is still described. Tannic acid is the exclusive method of burn trc.atment reeom- 
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mended, even on the face. Primary anastomosis in the presence of small bowel obstruction 
is decried as commanding a 50 to CO per cent mortalit}', a situation cortainlj' no longer 
true since adoption of the closed methods which are not even mentioned. Afanj- trade 
names of drugs (or provincialisms) are employed throughout the book. It is advised that 
exposed intestines be covered with hot saline towels, wlien well-controlled recent work has 
shown the tendency of this procedure to lead to adhesion formation. It is recommended that 
peritonitis be treated by coco.stomy in man}'' cases, a procedure long since abandoned in modern 
surgery. 

In spile of the examples cited, there is a great amount of good advice and common sense 
to be found in this book. It is perhaps a good reference volume for those with a background 
in surgery, but there is so much archaic misinformation included that it is hardly to be 
recommended to the initiate. A thorough re-editing could make a very generally useful volume 
of this effort. 


Announcement 

Due to conditions beyond the control of the editors and publishers, several issues of 
the Journal are printed on an inferior grade of paper. Just as soon as the standard good 
grade of paper is available, its use will be resumed. 
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cinoma of sigmoid colon with gan- 
grene of extensive segment of large 
bowel (Kremon), 333 
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jejunum in TOiipple operation for 
carcinoma of pancreas (Varco), 569 

Pancreaticoduodenectomy for carcinoma of 
ampulla and ampullary region 
(Orr), 144 

Pancreatitis and cholangitis from stricture of 
ampulla of Vater, relation of dy- 
namics of biliary drainage to (Mc- 
Gowan), 470 

Parenteral fluid and drug administration, 
new techniques for (MacQuigg), 592 

Pedicled flap, tubed, new design for raising 
(Gabarro), 732 

Penicillin in warfare, 131 (B. Bev.) 

peritoneal absorption of (Shafirqff), 753 
treatment of progressive bacterial syner- 
gistic gangrene with (Meleney et 
al.), 423 

treatment with, and repair of defect with 
tantalum — osteomyelitis of skull 
(Schnitker and McCarthy), 94 

Peptic ulcer, effect of total thyroidectomy 
on experimental production of 
(Wu), 619 

Perforations, large bowel, observations of 
(Weinberger), 647 


pericardium, successful 
bodies nithin 
6S5 


removal of foreirm 
(W.atts and Toong* 


'critoneal .absorption of penicillin (Slmfi. 
roft), 733 

sac, lessor, radiographic diagnosis of im.. 
nia into, throngii fonirnen of \xr- 
low (Hollcnberg), 498 
‘haryngo-csqph.ageal .iunction, py, - 
vorticulum of ii.'Tophari-^j ... 
rington), 60 • ^ (Nar- 

hlcbitis, long-standing, of ^ , 

treatment of (Busfon A' 

003 CoJicr?- 


w 
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Plitlialylsulfathiazole (sulfatlmlidine) and 
sulfasuxidine in surgery of colon, 
experimental evaluation of (Polh 
ct al.), 329 

Plasma piotcin and body jlnid elianges fol- 
lowing single nonfatal hemorrhage 
in hypoproteinemic dogs (Pride et 
al.),'250 

Pneumonectomy or lobectomy, closure of 
bronchial stump following (Sweet), 
82 

Popliteal artery, suture of (lines), C44 
Prolonged anesthesia (Knight and Baird), .'ll! 
Protein, plasma, and body fluid changes fol- 
lowing single nonfatal liemorrliage 
in In-poprotcinoraic dogs (Pride ct 
al.),’250 

Pull-through operation, priinaiy and sec- 
ondary, after removal of tumors of 
rectum and rectosigmoid, technique 
and results of (Mandl), 31S 
Pulmonary embolism in fractures of hip 
(Golodncr et al.), 418 

Pulsion diverticulum of hypopharynx at 
pharyngo-esophageal junction (Har- 
rington), GG 

Putrid empyema without foul sputum (Neu- 
hof and Stats), 411 

Pyloric stenosis, infantile, surgical treat- 
ment of, use of transverse abdom- 
inal incision in (Ilorgan), 339 
Pylorus, extrusion of gastric mucosa through 
(Norgore and Shuler), 452 

R , 

Radical duodenopancrcatectomy (Strode), 113 
Radiographic diagnosis of hernia into lessor 
peritoneal sac through foramen of 
Winslow (Ilollenborg), 498 
Rectal prolapse, complication of advanced; 

spontaneous rupture of lower colon 
with evisceration of .small intestine 
through anal orifice (McLanahan 
and Johnson), 478 

Rectosigmoid and rectum, tumors of, tech- 
nique and results of primary and 
secondary pull-through operation 
after removal of (Mandl), SIS 
and sigmoid, carcinoma of, involving uri- 
nary bladder (Dixon and Benson), 
191 

Rectum and rectosigmoid, removal of tumors 
of, technique and results of pri- 
mary and .secondary pull-through 
operation after (Mandl), 318 
Removal, successful, of foreign bodies with- 
in pericardium (Watts and Toone), 
685 

Resection of duodenum and head of pan- 
creas for primary carcinoma of 
head of pancreas and ampulla of 
Vator (Cole and Rejmolds), 133 
Resuscitation of severely wounded casualties 
(Lalich and Mason, III), 741 
Rupture, spontaneous, of lower colon with 
evisceration of small intestine 
tiirough anal orifice (McLanahan 
and Johnson), 478 


S 

Scarred or ulcerative defects over bone and 
tendons, use of skin flaps in repair 
of (Padgett and Gaskins), 287 
Scrotal integument, loss of (WethorcII), 523 
Segmental anatomy of lung, intnihilar and 
related (Boyden), 706 
Shaft of humerus, gunshot fractures of 
(Fitts, Jr., et al.), 493 
Shoulder lesions, 400 (JL Jiev.) 

Sigmoid and rectosigmoid, carcinoma of, in- 
volving urinary bladder (Dixon and 
Benson), 191 

colon, acute colonic obstruction secondary 
to carcinoma of, witli gangrene of 
extensive segment of large bowel 
(Ivremcn), 335 

Skin flaps, use of, in repair of scarred or 
ulcerative defects over bone and 
tendons (Padgett and Gaskins), 287 
grafting, early, of deep burns, routine for 
(Rawlcs, Jr.), G96 

transposition in incisional defects (Sina- 
iko), C50 

Skull, osteomyelitis of — treatment of, with 
penicillin and repair of defect with 
tantalum (Schnitker and Mc- 
Carthy), 94 

Sodium pentotlial anesthesia, intravenous, in 
major surgical coses (Shutt), 43 
Spicular foreign bodies in esoplmgus (Big- 
ger ct al.), G03 

Spur-crushing clamp, intestinal (Wolfson), 
5G0 

Sputum, foul, putrid empyema without (Keu- 
hof and Stats), 411 

Static spark in explosions in anesthesia 
(Cole), 12-15 

Stenosis, infantile pyloric, surgical treat- 
ment of, use of transi'crso abdom- 
inal incision in (Ilorgan), 339 
Stricture, small bowel, following irradiation 
therapy for carcinoma of fundus 
uteri (Saltzstein), 550 
Stump, bronchial, closure of, following lo- 
bectomy or pneumonectomy (Sweet), 
82 

Subtotal and palliative gastrectomy for 
chronic gastric ulcer (Colp and 
Druckerman), 573 

gastrectomies for benign ulcers (Sanders), 
229 

Succiaylsulfatluazole and intestinal suction 
in surgery of large bowel (New- 
ton and Blodgett), 200 
(sulfasuxidine) and sulfathalidine in sur- 
gery of colon, experimental evalu- 
ation of (Both et al.), 529 
Suction apparatus, modification of Gius- 
Racely portable (Stone and Sodden- 
bery), 598 

intestinal, and succinylsulfatliiasole in sur- 
gery of large bowel (Newton and 
Blodgett), 200 

Sulfasuxidine and sulfathalidine in surgery 
of colon; experimental evaluation of 
(Poth et al.), 529 
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Snlfallinlidinr iiiid Milfa^uNidiiU' ill Mirgi-ry 
of colon, i’\j)oiiinoiit!il oviiliialioii of 
(Potli c( al.). .12!) 

Surgery, eo(l-li\cr oil ointiiK’nl in (IXiiifrlf 
try), ,110 

emergciH'.v, ‘,‘^1 {!>. iv< i .) 
cNpcnmcntiil Mi'-culor, (.tiulii", in (Smith), 
02" 


general, human fibrin foatn with thromliiii 
O'! hemo'-tatic ngont in (Uniloy ct 
ah), ;«7 

operations of, ,'!!)!> (71. 7i<i'.) 

1944 rear hook of, 01)2 (71. 7»f r.) 
loner ahilominai. use of cotton Milures in 
(F!a\), (hlS 
minor. 780 (71. J.Ve.) 

of large bowel, Miccinylsiilfatlitarole and 
intestinal hiictinii in (Xowfon and 
Blodgett), 200 

Surgical correction for roaretntion of aorta 
(Gross), G7?, 

patients, hypochloremic .slate in (Ircncus, 
Jr.), 582 

problem of cancer in Ivninh nodes (Siignr- 
baker), COS ‘ 


service of United States Army genera! 
hospital in Kortli Africa, patient.' 
with intrathoracic disease and in 
jury treated on (Paine and Plank' 

ers), 401 

treatment of infantile pyloric ■stenosis, usi 
of transierse abdominal incision it 
(Horgan), 339 

of long standing deep phlebitis of Icj 
(Buxton and Collor), GG3 
textbook of, including oncratiro surgery 
, , 780 (B. Bee.) 

bone (Rowe), 704 
M popliteal artery (Inies), 044 
oiniqae for producing lateral annstonio 
aitenoienous fistula (Ueterling 

Suf 

“ ores and ligatures, eotton, and relaxa 
tion incision, use of, for improve! 
method of ciicumcision (Gersh), 39- 
cotton, in JQ^^gp abdominal surgeiy, use o 
„ (Flax), 653 
iniposiun, on anesthesia, 1-05 

of pancreas, 133-177 
gistic gangrene, piogressive bacteiial 
treatment of, with penicillin (Mele 
r>ey et ah), 423 


Tael ^ 

'.'cardia, hypertlij-roidism with progres 

exophthalmos and xvitliont 
Taut ^Chapman and Rognoni), 522 

^um, lepair of defect with, and treat- 
nmnt a itii pejncillin — osteomyelitis 

of skull ( Selim tkei and McCarthy), 

Tend 

ons and bone, scarred or uleeratix'e do 
leets Over, use of skin flaps in rc- 
f<^'ani of (Padgett and Gaskins), 287 
’) Baeilingj occurrence and possible 
mgnificance of, in compound frae 
fores, laceiations, gunshot xvounds, 
nnd bums (Hall), 377 


Tetanus, three biitidrel bill iwo c.ises of 
(Tiumini . isj 

T lirombiu, liiim-in ((nui with .i-. licmo 

static !ig ‘ 111 111 gencKil surgery 

(IV.ulcy .1 tl I .4 7 

Thrombosis, [Kistiipiu.itue, .n 1 pulmonary 
<‘iiili<iiisiii, ii uui.iinl in prciention 
of I Ju’i' li 1 1 I ), J iS 
Till roidectoiiiy . tut i ff. . ' ut, on expen 
iicntiil piiiduitiiin (it jieptic ulcer 
(lYuj id') 

Tibuil urtiric-. postciier, bilateial artciio 
ifii'iiis iiiuMiii''is It Plank). 391 
Tiuiisfusions, iiM" \i’ <f ' boll blood, ( ifiato 
intoxic.it mil in, studies on media 
liism of (TIminton, .Jr, ct al ), 39.3 
Tr uisposition, skm, iii incisional delects 
(Isiniiiho) iijO 

Ti'uima, lecliniquc in ! »1 (B. Sa i 
'I’rcat'iient, .surgical, of infantile p\loric 
-Icnosi-., use of ti.ins\ctsi abdom 
mil in. isuiii 111 (Horgan), 339 
Tropical medu me. miUine or, ,498 (74 Bei I 
Tubed pediclod flap, now design fm raising 
(Gabnrid), 732 

Tumors, islet cell, of p.imDis (Maxemei 
and Bundy ■), 171 

of lectuui and rectosigmoid, technique and 
results of primary and secondary 
pull through oj.emtion after removal 
of (Mnndl), 318 


r 

benign, subtotal gasti ectomies for 
(S.andeis), 229 
bronic gastric, 

P, r-ectoniy for (Colp and Drucker 
man;, 573 

reptie, efirect of tof'^l^'^roideetomy on 
expenmental production of (MuJ. 

,eiatue''"cobt.s, chronic, fleostomy and 
colectomy m (Dennis), 4..o 
scarred defects over bone a«<i tenjo-- 
„,e of skin in repair of (iaa^eii 

and Gaskins), 28/ 

o,v bladder caicinoma of sigmoid and 

inaiy waaoei, sn s I'Dix-on and 

rectosigmoid mx olx mg t 

Benson), 191 

tract, 39S (B. Ben.) 

V 

scalar responses in B ^ 

healtli and disease, 780 /f 

i. »' <»“'">• 

venous imeiirysms or p 

arteries (Plank), fXorfhway 

Tero?1o:x''er''ex,S.^^ (Ty-son -d 

Goodlett), 009 

Goodlett), 069 
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w 

Wiirfare, penicillin in, 131 (J5. Ittv.) 
Whipple operation for carcinoma of pancreas, 
method of implanting pancreatic 
duct into jejunum in (Varco), 569 
Woman asks the doctor, 781 (Ji. licv.) 

endocrinologj' of, 781 {B. Jicv.) 

Wounded, casualties, severely, resuscitation 

/T ttt\ r 


Wounds, accidental, occurrence of Bacillus 
histolyticus in, without recognized 
specific infection (Hall), 309 
gunshot, compound fractures, laceration, 
and burns, occurrence and possible 
signiOcance of Bacillus tetani in 
(Hall), 377 

Y 

Year book, 19-14, of gcmu-al surgery, 602 




